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PREFACE 


Seeking  solutions  to  reverse  the  decline  of  New 
England's  fisheries  in  1871,  Congress  created  the 
U.S.  Commission  of  Fish  and  Fisheries  (Hobart 
1995).  The  first  appointed  Commissioner,  Spencer 
Baird,  initiated  marine  ecological  studies  as  one  of 
his  first  priorities.  According  to  Baird,  our  under- 
standing of  fish  "...  would  not  be  complete  without 
a  thorough  knowledge  of  their  associates  in  the  sea, 
especially  of  such  as  prey  upon  them  or  constitute 
their  food...."  He  understood  that  the  presence  or 
absence  of  fish  was  related  not  only  to  removal  by 
fishing,  but  also  to  the  dynamics  of  physical  and 
chemical  oceanography. 

Despite  this  historical,  fundamental  understand- 
ing of  fisheries  as  part  of  ecosystems,  we  have  con- 
tinued to  struggle  to  manage  fish  harvests  while  si- 
multaneously sustaining  the  ecosystem.  Recogniz- 
ing the  need  for  a  more  holistic  management  ap- 
proach. Congress  charged  the  National  Marine  Fish- 
eries Service  (a  direct  descendant  of  the  U.S.  Com- 
mission of  Fish  and  Fisheries)  with  establishing  an 
Ecosystem  Principles  Advisory  Panel  to  assess  the 
extent  that  ecosystem  principles  are  used  in  fisher- 
ies management  and  research,  and  to  recommend 
how  such  principles  can  be  further  implemented  to 
improve  our  Nation's  management  of  living  marine 
resources.  The  resulting  Panel  was  composed  of 
members  of  industry,  academia,  conservation  orga- 
nizations, and  fishery  management  agencies.  The 
Panel's  diversity  played  a  substantial  role  in  the  de- 
velopment of  a  pragmatic  approach  to  expand  eco- 
system-based fishery  management  within  the  con- 
text of  the  existing  fishery  management  system. 

The  Panel  attempted  to  build  on  the  progress  of 
past  efforts,  namely  the  1996  Sustainable  Fisheries 
Act's  (SFA)  amendments  to  the  Magnuson-Stevens 
Fishery  Conservation  and  Management  Act 
(MSFCMA)  (NMFS  1996).  The  provisions  of  the 
SFA  require  the  Regional  Fishery  Management 
Councils  to  set  harvest  rates  at  or  below  maximum 
sustained  yield  levels;  develop  rebuilding  plans  for 
those  species  that  are  currently  below  the  long-term 


sustainable  yield;  better  account  for  and  minimize 
bycatch  and  discard  of  fish;  identify  essential  fish 
habitat  and  take  measures  to  protect  it;  and  deter- 
mine the  effects  of  fishing  on  the  environment.  These 
actions  are  being  implemented  and  are  vital  to 
achieving  ecosystem-based  management.  Still,  it 
will  take  years  to  decades  before  the  results  are  fully 
realized. 

The  Panel  forged  a  consensus  on  how  to  expand 
the  use  of  ecosystem  principles  in  fishery  manage- 
ment. We  do  not  have  a  magic  formula,  but  we  offer 
a  practical  combination  of  principles  and  actions  that 
we  believe  will  propel  management  onto  ecologi- 
cally sustainable  pathways.  By  asking  more  encom- 
passing questions  about  fisheries  management  such 
as,  "What  are  the  effects  of  fishing  on  other  ecosys- 
tem components?"  and  "What  are  acceptable  stan- 
dards for  fisheries  removals  from  ecosystems?"  we 
are  broadening  the  scope  of  management  and  ulti- 
mately making  fisheries  sustainable. 

Ecosystem-based  fishery  management  is  likely 
to  contribute  to  increased  abundance  of  those  spe- 
cies that  have  been  overfished.  It  may,  however, 
require  reduced  harvest  of  species  of  critical  impor- 
tance to  the  ecosystem.  We  expect  that  ecosystem- 
based  fishery  management  will  contribute  to  the  sta- 
bility of  employment  and  economic  activity  in  the 
fishing  industry  and  to  the  protection  of  marine 
biodiversity  on  which  fisheries  depend.  As  a  soci- 
ety, we  are  recognizing  the  limits  of  the  sea  to  pro- 
vide resources  and  of  our  abilities  to  stay  within  those 
limits.  What  are  acceptable  levels  of  change  in  ma- 
rine environments  due  to  fishing?  This  Report  does 
not  answer  that  question  for  society,  but  it  does  set  a 
framework  for  beginning  to  take  actions  based  on 
the  insight  of  Baird  127  years  ago. 

David  Fluharty 

Chair,  Ecosystem  Principles  Advisory  Panel 

Seattle.  Washington 

November  15,  1998 
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EXECUTIVE  SUMMARY 


Ecosystem-based  management  can  be  an 
important  complement  to  existing  fisheries 
management  approaches.  When  fishery  managers 
understand  the  complex  ecological  and  socioeco- 
nomic environments  in  which  fish  and  fisheries  ex- 
ist, they  may  be  able  to  anticipate  the  effects  that 
fishery  management  will  have  on  the  ecosystem  and 
the  effects  that  ecosystem  change  will  have  on  fish- 
eries. However,  ecosystem-based  management  can- 
not resolve  all  of  the  underlying  problems  of  the 
existing  fisheries  management  regimes.  Absent  the 
political  will  to  stop  overfishing,  protect  habitat,  and 
support  expanded  research  and  monitoring  programs, 
an  ecosystem-based  approach  cannot  be  effective. 

A  comprehensive  ecosystem-based  fisheries 
management  approach  would  require  managers  to 
consider  all  interactions  that  a  target  fish  stock  has 
with  predators,  competitors,  and  prey  species;  the 
effects  of  weather  and  climate  on  fisheries  biology 
and  ecology;  the  complex  interactions  between  fishes 
and  their  habitat;  and  the  effects  of  fishing  on  fish 
stocks  and  their  habitat.  However,  the  approach  need 
not  be  endlessly  complicated.  An  initial  step  may 
require  only  that  managers  consider  how  the  har- 
vesting of  one  species  might  impact  other  species  in 
the  ecosystem.  Fishery  management  decisions  made 
at  this  level  of  understanding  can  prevent  signifi- 
cant and  potentially  irreversible  changes  in  marine 
ecosystems  caused  by  fishing. 

Recognizing  the  potential  of  an  ecosystem-based 
management  approach  to  improve  fisheries  manage- 
ment. Congress  requested  that  the  National  Marine 
Fisheries  Service  (NMFS)  convene  a  panel  of  ex- 
perts to:  1)  assess  the  extent  to  which  ecosystem 
principles  are  currently  applied  in  fisheries  research 
and  management;  and  2)  recommend  how  best  to 
integrate  ecosystem  principles  into  future  fisheries 
management  and  research.  In  response.  NMFS  cre- 
ated the  National  Marine  Fisheries  Service  Ecosys- 
tem Principles  Advisory  Panel  (Panel). 


WHAT  BASIC  ECOSYSTEM  PRINCIPLES, 
GOALS,  AND  POLICIES  CAN  BE  APPLIED  TO 
FISHERIES  MANAGEMENT  AND  RESEARCH? 

To  guide  our  deliberations,  we  developed  a  set 
of  eight  ecosystem  operating  principles  (Principles) 
with  societal  goals  for  ecosystems  (Goals),  and  a  set 
of  six  management  policies  (Policies).  These  Prin- 
ciples, Goals,  and  Policies  were  used  to  evaluate  the 
current  application  of  ecosystem-based  fisheries 
management  and  to  develop  recommendations  for 
further  implementation  of  such  approaches. 


BASIC  ECOSYSTEM 
PRINCIPLES,  GOALS,  AND  POLICIES 

Based  on  the  Panel's  experience  and  review  of 
the  fisheries  ecosystem  literature,  we  suggest  that 
the  following  Principles,  Goals,  and  Policies  embody 
key  elements  for  ecosystem-based  management  of 
fisheries. 

Principles 

•  The  ability  to  predict  ecosystem  behavior  is  lim- 
ited. 

•  Ecosystems  have  real  thresholds  and  limits  which, 
when  exceeded,  can  effect  major  system  restruc- 
turing. 

•  Once  thresholds  and  limits  have  been  exceeded, 
changes  can  be  irreversible. 

•  Diversity  is  important  to  ecosystem  functioning. 

•  Multiple  scales  interact  within  and  among  eco- 
systems. 

•  Components  of  ecosystems  are  hnked. 

•  Ecosystem  boundaries  are  open. 

•  Ecosystems  change  with  time. 

Goals 

•  Maintain  ecosystem  health  and  sustainability. 

Policies 

•  Change  the  burden  of  proof. 

•  Apply  the  precautionary  approach. 

•  Purchase  "insurance"  against  unforeseen,  adverse 
ecosystem  impacts. 

•  Learn  from  management  experiences. 
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Make  local  incentives  compatible  with  global 

goals. 

Promote  participation,  fairness,  and  equity  in 

policy  and  management. 


TO  WHAT  EXTENT  ARE  ECOSYSTEM  PRIN- 
CIPLES, GOALS,  AND  POLICIES  CURRENTLY 
APPLIED  IN  RESEARCH  AND  MANAGEMENT? 

The  Panel  considered  a  management  system 
based  on  the  ecosystem  Principles,  Goals,  and  Poli- 
cies, as  a  framework  with  which  to  evaluate  the  cur- 
rent application  in  U.S.  marine  fisheries  management 
and  research.  This  model  was  then  compared  to  the 
current  state  of  research  and  management. 

We  conclude  that  NMFS  and  the  Regional  Fish- 
ery Management  Councils  (Councils)  already  con- 
sider and  apply  some  of  the  Principles,  Goals,  and 
Policies  outlined  above,  but  they  are  not  applied 
comprehensively  or  evenly  across  Council  jurisdic- 
tions, NMFS  Regions,  or  ecosystems.  The  fact  that 
the  Principles  are  not  applied  consistently  in  U.S. 
fisheries  management  and  research  should  not  be 
interpreted  as  reluctance  or  intransigence  on  the  part 
of  these  entities  to  adopt  ecosystem  approaches. 
Rather,  these  agencies  lack  both  a  clear  mandate  and 
resources  from  Congress  to  carry  out  this  more  com- 
prehensive, but  ultimately  more  sustainable  ap- 
proach. Furthermore,  the  ecosystem-based  manage- 
ment of  fisheries  is  a  relatively  new  concept  and  there 
are  considerable  gaps  in  knowledge  and  practice. 


HOW  CAN  WE  EXPAND 

THE  APPLICATION  OF  ECOSYSTEM 

PRINCIPLES,  GOALS,  AND  POLICIES  TO 

FISHERIES  RESEARCH  AND  MANAGEMENT? 

Several  practical  measures  can  be  implemented 
immediately  to  make  U.S.  fisheries  management  and 
research  more  consistent  with  the  ecosystem  Prin- 
ciples (see  Summary  of  Recommendations).  These 
measures  comprise  an  incremental  strategy  for  mov- 
ing toward  ecosystem-based  fisheries  research  and 
management. 

Councils  should  continue  to  use  existing  Fish- 
ery Management  Plans  (FMP)  for  single  species  or 
species  complexes,  but  these  should  be  amended  to 
incorporate  ecosystem  approaches  consistent  with 
an  overall  Fisheries  Ecosystem  Plan  (FEP).  The  FEP, 


to  be  developed  for  each  major  ecosystem  under 
Council  jurisdiction,  is  a  mechanism  for  incorporat- 
ing the  Principles,  Goals,  and  Policies  into  the  present 
regulatory  structure.  The  objectives  of  FEPs  are  to: 

•  Provide  Council  members  with  a  clear  descrip- 
tion and  understanding  of  the  fundamental  physi- 
cal, biological,  and  human/institutional  context  of 
ecosystems  within  which  fisheries  are  managed; 

•  Direct  how  that  information  should  be  used  in  the 
context  of  FMPs;  and 

•  Set  policies  by  which  management  options  would 
be  developed  and  implemented. 

Fisheries  management  based  on  the  ecosystem 
Principles,  Goals,  and  Policies  must  be  supported 
by  comprehensive  research.  Significant  ecosystem 
research  is  now  conducted  by  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  and  other 
agencies,  as  well  as  the  academic  community.  This 
research  is  critical  and  must  continue,  but  must  ex- 
pand into  several  key  areas.  First,  we  must  better 
understand  the  long-term  dynamics  of  marine  eco- 
systems and  how  they  respond  to  human-induced 
change,  particularly  changes  brought  about  by  fish- 
ing. Second,  we  must  develop  governance  systems 
which  have  ecosystem  health  and  sustainability, 
rather  than  short-term  economic  gain,  as  their  pri- 
mary goals. 

THE  FUTURE  OF 

ECOSYSTEM  APPROACHES 

IN  U.S.  FISHERIES  MANAGEMENT 

Fisheries  scientists  and  managers  are  beginning 
to  grasp  the  potential  of  ecosystem-based  fishery 
management  to  improve  the  sustainability  of  fisher- 
ies resources.  Given  the  depressed  state  of  many 
U.S.  fisheries,  this  awareness  must  be  expanded  and 
actions  taken  to  implement  this  approach.  Our  man- 
agement recommendations  and  research  actions  pro- 
vide a  pragmatic  framework  within  which  to  apply 
the  ecosystem  Principles,  Goals,  and  Policies.  The 
success  of  this  approach  depends  on  full  implemen- 
tation of  measures  already  underway  as  a  result  of 
the  passage  of  the  Magnuson-Stevens  Fishery  Con- 
servation and  Management  Act  (MSFCMA)  (NMFS 
1996),  particularly  the  essential  fish  habitat  (EFH) 
requirements  and  strengthened  national  standards. 
The  recommendations  contained  in  this  report  pro- 
vide the  required  next  steps. 


EXECUTIVE  SUMMARY 


While  some  of  the  recommended  actions  can  start 
immediately,  we  believe  that  legislation  is  required 
to  implement  measures  like  the  FEP.  Given  that  leg- 
islative processes  may  require  three  to  five  years  to 
enact  the  proposed  regulations,  we  recommend  in- 
terim actions  by  the  Secretary  of  Commerce  to  de- 
velop demonstration  FEPs  and  to  encourage  volun- 
tary adoption  by  management  Councils  of  the  Prin- 
ciples, Goals,  and  Policies  proposed  herein.  We  also 
are  aware  that  these  new  tasks  will  require  additional 
human  and  financial  resources  for  full  implementa- 
tion. 

The  benefits  of  adopting  ecosystem-based  fish- 
ery management  and  research  are  more  sustainable 
fisheries  and  marine  ecosystems,  as  well  as  more 
economically-healthy  coastal  communities.  We  have 
identified  the  actions  required  to  realize  these  ben- 
efits. We  urge  the  Secretary  and  Congress  to  make 
those  resources  available. 


SUMMARY  OF  RECOMMENDATIONS 

Fisheries  management  and  policy  recommenda- 
tions are  directed  toward  Congress  for  implementa- 
tion by  NMFS  and  the  Councils.  Interim  measures 
and  research  recommendations  are  directed  toward 
the  Secretary  of  Commerce  for  implementation  by 
NMFS  and  other  appropriate  agencies. 


management  must  be  to  identify  and  bound  the  eco- 
system. Hydrography,  bathymetry,  productivity,  and 
trophic  structure  must  be  considered;  as  well  as  how 
climate  influences  the  physical,  chemical,  and  bio- 
logical oceanography  of  the  ecosystem;  and  how,  in 
turn,  the  food  web  structure  and  dynamics  are  af- 
fected. Transfers  across  ecosystem  boundaries 
should  be  noted. 

Within  each  identified  ecosystem.  Councils 
should  use  a  zone-based  management  approach  to 
designate  geographic  areas  for  prescribed  uses.  Such 
zones  could  include  marine  protected  areas,  areas 
particularly  sensitive  to  gear  impacts,  and  areas 
where  fishing  is  known  to  negatively  affect  the 
trophic  food  web. 

2.  Develop  a  conceptual  model  of  the  food  web. 

For  each  targeted  species,  there  should  be  a  cor- 
responding description  of  both  predator  and  prey 
species  at  each  life  history  stage  over  time.  FEPs 
can  then  address  the  anticipated  effects  of  the  al- 
lowed harvest  on  predator-prey  dynamics. 

3.  Describe  the  habitat  needs  of  different  life  his- 
tory stages  for  all  plants  and  animals  that  rep- 
resent the  "significant  food  web"  and  how 
they  are  considered  in  conservation  and  man- 
agement measures. 


Develop  a  Fisheries  Ecosystem  Plan  (FEP) 

Require  each  Council  to  develop  an  FEP  for  the 
ecosystem(s)  under  its  jurisdiction.  The  FEP  is  an 
umbrella  document  containing  information  on  the 
structure  and  function  of  the  ecosystem  in  which  fish- 
ing activities  occur,  so  that  managers  can  be  aware 
of  the  effects  their  decisions  have  on  the  ecosystem, 
and  the  effects  other  components  of  the  ecosystem 
may  have  on  fisheries. 

Each  FEP  should  require  the  Councils  to  take,  at 
least,  the  following  eight  actions: 

1.  Delineate  the  geographic  extent  of  the 
ecosystem(s)  that  occur(s)  within  Council  au- 
thority, including  characterization  of  the  bio- 
logical, chemical,  and  physical  dynamics  of 
those  ecosystems,  and  "zone"  the  area  for 
alternative  uses. 

The  first  step  in  using  an  ecosystem  approach  to 


Essential  fish  habitat  (EFH)  for  target  and  non- 
target  species  at  different  life  stages  should  be  iden- 
tified and  described.  Using  habitat  and  other  eco- 
system information.  Councils  should  develop  zone- 
based  management  regimes,  whereby  geographic 
areas  within  an  ecosystem  would  be  reserved  for 
prescribed  uses.  FEPs  should  identify  existing  and 
potential  gear  alternatives  that  would  alleviate  gear- 
induced  damage  to  EFH,  as  well  as  restrict  gears 
which  have  adverse  affects.  Further,  FEPs  should 
evaluate  the  use  of  harvest  refugia  as  a  management 
tool  to  satisfy  habitat  needs. 

4.  Calculate  total  removals — including  inciden- 
tal mortality — and  show  how  they  relate  to 
standing  biomass,  production,  optimum 
yields,  natural  mortality,  and  trophic  struc- 
ture. 

Total  removals  (i.e.,  reported  landings,  unre- 
ported landings,  discards,  and  mortality  to  fish  that 
come  into  contact  with  fishing  gear  but  are  not  cap- 
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tured)  should  be  incorporated  into  qualitative  food 
web  and  quantitative  stock  assessment  models. 
These  models  will  allow  managers  to  reduce  uncer- 
tainty, monitor  ecosystem  health  and  better  predict 
relative  abundance  of  species  affected  by  the  har- 
vest of  target  species. 

5.  Assess  how  uncertainty  is  characterized  and 
what  kind  of  buffers  against  uncertainty  are 
included  in  conservation  and  management 
actions. 

Given  the  variability  associated  with  ecosystems, 
managers  should  be  cognizant  of  the  high  likelihood 
for  unanticipated  outcomes.  Management  should 
acknowledge  and  account  for  this  uncertainty  by  de- 
veloping risk-averse  management  strategies  that  are 
flexible  and  adaptive. 


Councils  and  DOC  have  authority  over  a  limited 
range  of  the  human,  institutional,  and  natural  com- 
ponents of  a  marine  ecosystem.  It  is  important  to 
recognize  those  components  of  the  ecosystem  over 
which  fisheries  managers  have  no  direct  control,  and 
to  develop  strategies  to  address  them  in  concert  with 
appropriate  international.  Federal,  State,  Tribes,  and 
local  entities. 

Measures  to  Implement  FEPs 

The  following  are  general  recommendations  to 
ensure  effective  development  and  implementation 
of  FEPs: 

1 .  Encourage  the  Councils  to  apply  ecosystem 
Principles,  Goals,  and  Policies  to  ongoing  ac- 
tivities. 


6.  Develop  indices  of  ecosystem  health  as  tar- 
gets for  management. 

Ecosystem  health  refers  to  a  balanced,  integrated, 
adaptive  community  of  organisms  having  a  species 
composition,  diversity,  and  functional  organization 
that  has  evolved  naturally.  Provided  that  a  healthy 
state  can  be  determined  or  inferred,  management 
should  strive  to  generate  and  maintain  such  a  state 
in  a  given  ecosystem.  Inherent  in  this  management 
strategy  would  be  specific  goals  for  the  ecosystem, 
including  a  description  of  "unhealthy"  states  to  be 
avoided. 

7.  Describe  available  long-term  monitoring  data 
and  how  they  are  used. 


In  preparation  for  FEP  implementation.  Coun- 
cils should  begin  to  apply  the  ecosystem  Principles, 
Goals,  and  Policies  to  the  conservation  and  manage- 
ment measures  of  existing  and  future  FMPs.  Three 
actions  are  particularly  important;  specifically,  each 
FMP's  conservation  and  management  measures 
should: 

•  Consider  predator-prey  interactions  affected  by 
fishing  allowed  under  the  FMP. 

•  Consider  bycatch  taken  during  allowed  fishing  op- 
erations and  the  impacts  such  removals  have  on 
the  affected  species  and  the  ecosystem  as  a  whole, 
in  terms  of  food  web  interactions  and  community 
structure. 


Changes  to  the  ecosystem  cannot  be  determined 
without  long-term  monitoring  of  biological  indices 
and  climate.  Long-term  monitoring  of  chemical, 
physical  and  biological  characteristics  will  provide 
a  better  understanding  of  oceanic  variability  and  how 
climate  changes  affect  the  abundance  of  commer- 
cially important  species  and  their  corresponding  food 
webs. 

8.  Assess  the  ecological,  human,  and  institu- 
tional elements  of  the  ecosystem  which  most 
significantly  affect  fisheries,  and  are  outside 
Council/Department  of  Commerce  (DOC)  au- 
thority. Included  should  be  a  strategy  to  ad- 
dress those  influences  in  order  to  achieve 
both  FMP  and  FEP  objectives. 


•  Minimize  impacts  of  fisheries  operations  on  EFH 
identified  within  the  FEP. 

2.    Provide  training  to  Council  members  and 
staff. 

To  facilitate  an  ecosystem  approach  and  to  aid 
the  development  and  implementation  of  FEPs, 
NMFS  should  provide  all  Council  members  with 
basic  instruction  in  ecological  principles.  Further, 
training  materials  should  be  made  available  to  the 
fishing  industry,  environmental  organizations,  and 
other  interested  parties. 


EXECUTIVE  SUMMARY 


3.    Prepare  guidelines  for  FEPs. 


Researcii  Required  to  Support  Management 


The  Secretary  of  Commerce  should  charge 
NMFS  and  the  Councils  with  estabhshing  guidelines 
for  FEP  development,  including  an  amendment  pro- 
cess. NMFS  and  the  Councils  should  conduct  a  de- 
liberative process — similar  to  the  process  of  devel- 
oping National  Standards  Guidelines — to  ensure  that 
FEPs  are  realistic  and  adaptive. 


Require  and  provide  support  for  NMFS  and  other 
appropriate  agencies  to  initiate  or  continue  research 
on  three  critical  research  themes  which  will  provide 
the  information  necessary  to  support  ecosystem- 
based  fisheries  management.  These  themes  are: 

1.    Determine  the  ecosystem  effects  of  fishing. 


4.  Develop  demonstration  FEPs. 

While  encouraging  all  Councils  to  develop 
framework  FEPs,  the  Secretary  of  Commerce  should 
designate  a  Council  or  Councils  to  develop  a  dem- 
onstration FEP,  as  a  model  to  facilitate  rapid  imple- 
mentation of  the  full  FEP  when  required  in 
MSFCMA  reauthorization. 

5.  Provide  oversight  to  ensure  development  of 
and  compliance  with  FEPs. 

To  ensure  compliance  with  the  development  of 
FEPs,  the  Secretary  of  Commerce  should  establish 
a  review  panel  for  FEP  implementation  oversight. 
Implicit  in  this  action  is  the  establishment  of  a  time- 
table for  development  of  a  draft  FEP,  its  review  by 
the  panel,  and  any  necessary  revisions  before  the 
draft  FEP  becomes  a  basis  for  policy. 

6.  Enact  legislation  requiring  FEPs. 

To  provide  NMFS  and  the  Councils  with  the 
mandated  responsibility  of  designing  and  implement- 
ing FEPs,  Congress  should  require  full  FEP  imple- 
mentation in  the  next  reauthorization  of  the 
MSFCMA. 


Fishing  affects  target  species,  non-target  species, 
habitat,  and  potentially  marine  ecosystems  as  a 
whole.  A  directed  program  must  be  initiated  to  de- 
termine all  effects  of  fishing  on  marine  ecosystems. 

2.  Monitor  trends  and  dynamics  in  marine  eco- 
systems (ECOWATCH). 

In  order  to  detect,  understand,  and  react  appro- 
priately to  ecosystem  changes,  a  broad-scale  eco- 
system research  and  monitoring  program  must  be 
undertaken  based  on  the  best  available  technology. 
We  refer  to  this  program  as  "ECOWATCH"  because 
it  will  enable  scientists  and  managers  to  observe  eco- 
system changes  in  a  comprehensive  manner. 

3.  Explore  ecosystem-based  approaches  to  gov- 
ernance. 

Many  of  today's  fisheries  problems  stem  from 
governance  systems  which  create  incentives  that  are 
incompatible  with,  or  inimical  to,  ecosystem-level 
Goals  (e.g.,  health  and  sustainability ).  Alternate  gov- 
ernance systems  must  be  identified  which  provide 
fishermen  and  others  with  incentives  to  consider  the 
health  and  sustainability  of  the  ecosystem  as  primary 
goals. 


ECOSYSTEM-BASED 
FISHERY  MANAGEMENT 


SECTION  ONE:  INTRODUCTION 


The  National  Marine  Fisheries  Service  (NMFS) 
was  charged  by  Congress  to  establish  an  Ecosystem 
Principles  Advisory  Panel  (Panel)  to  identify  eco- 
system principles,  evaluate  how  those  principles  are 
currently  used  in  fishery  management  and  research, 
and  then  to  recommend  measures  that  would  expand 
their  use  in  fishery  management  and  research.  Our 
Charter  (Appendix  A)  describes  the  rationale  for  our 
effort  and  provides  the  charge  to  this  Panel.  Here 
we  outline  our  views  of  the  historical  developments 
and  current  issues  leading  to  this  charge.  We  lay  out 
a  conceptual  framework  that  includes  management 
actions  and  research  on  marine  resources  and  fish- 
eries in  an  ecosystem  context. 


THE  PROBLEM 

The  world's  oceans  are  at  or  near  maximum  sus- 
tainable fishery  yields.  The  number  of  overexploited 
stocks  increased  by  2.5  times  between  1980  and  1 990 
(Alverson  and  Larkin  1994).  Much  of  the  global 
sustained  yield  is  being  accomplished  by  increased 
fishing  for  species  at  progressively  lower  trophic 
levels  (Pauly  et  al.  1998).  The  prospect  of  increas- 
ing total  sustained  yield  is  unlikely  (Pauly  and 
Christensen  1995).  Although  fisheries  provide  di- 
rect or  indirect  employment  to  about  200  million 
people  (Garcia  and  Newton  1997),  overfishing  is  the 
most  commonly  observed  result  of  fishery  develop- 
ment. The  consequences  of  overharvesting  are  ex- 
pressed in  social,  economic,  cultural,  and  ecologi- 
cal changes.  The  ecological  consequences  of  over- 
fishing often  are  undocumented  and  may  be  poorly 
known  or  overlooked. 


identified  as  overfished"  under  the  new  definition 
of  overfishing  in  the  Magnuson-Stevens  Fisheries 
Conservation  and  Management  Act  (MSFCMA). 

While  there  are  some  encouraging  recoveries 
(e.g.,  striped  bass  in  the  Atlantic  and  Pacific  sardine), 
record-setting  yields  (e.g.,  Alaska  salmon),  and  man- 
agement successes  (e.g..  Pacific  halibut),  those  cases 
are  the  exceptions  rather  than  the  rule.  As  in  the 
global  case,  we  should  be  concerned  that  overfish- 
ing will  be  a  common  consequence  for  most  fisher- 
ies (Ludwig  et  al.  1993,  Mooney  1998),  although 
this  need  not  be  the  case  (Rosenberg  et  al.  1993). 

This  issue  is  urgent  because  the  current  harvest 
levels  are  high  and  because  new  fisheries  will  rise, 
be  fully  capitalized,  and  reach  unsustainable  levels 
of  catch  levels  before  the  management  process  can 
establish  effective  constraints.  That,  unfortunately, 
is  the  too-common  lesson  of  history  (Ludwig  et  al. 
1993).  In  many  cases,  the  ecological  correlates  of 
changing  fish  populations  could  have  served  as  evi- 
dence of  intensified  exploitation  effects.  Frequently, 
the  advent  of  a  fishery  and  implementation  of  catch 
restrictions  have  unknown  ecological  consequences. 
Too  often,  we  learn  about  ecological  consequences 
after  the  fact,  because  we  do  not  consider  them  in 
our  decision-making,  nor  do  we  monitor  ecosystem 
changes  due  to  increased  exploitation.  Those  les- 
sons are  not  unique  to  fisheries.  Many  Federal,  re- 
gional and  State  resource  management  agencies  are 
now  moving  toward  or  considering  an  ecosystem  ap- 
proach in  their  attempt  to  provide  a  holistic  frame- 
work for  resource  management.  Fisheries  must  do 
so  as  well  (Langton  and  Haedrich  1997). 


Since  1990,  annual  harvests  by  U.S.  fleets  have 
been  slightly  in  excess  of  4.5  million  metric  tons, 
with  nearly  half  of  that  coming  from  two  fisheries — 
menhaden  and  Alaska  pollock.  In  its  annual  report 
to  Congress  on  the  status  of  the  fisheries  of  the 
U.  S.,  NMFS  states  that  of  the  727  managed  stocks 
in  the  United  States,  86  are  overfished,  10  are  ap- 
proaching overfished  status,  and  183  are  not  over- 
fished (NMFS  1997).  This  leaves  448  stocks,  for 
which  the  status  is  virtually  unknown.  NMFS  ( 1 997 ) 
also  indicates  that  "additional  stocks  will  likely  be 


FISHERIES  IN  AN 
ECOSYSTEM  CONTEXT 

Much  of  the  foundation  of  fisheries  science  pro- 
vides a  basis  for  determining  maximum  yields  so 
that  fishing  can  safely  remove  surplus  production 
(Hilborn  and  Walters  1992).  However,  when  fish- 
ing is  examined  in  an  ecosystem  context,  the  ratio- 
nale for  harvesting  surplus  production  is  unclear. 
Marine  ecosystems  are  effective  at  capturing  energy. 
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cycling  nutrients,  and  producing  biomass.  Very  little, 
if  any  of  this  biomass,  is  truly  "surplus"  to  an  eco- 
system; before  the  advent  of  fisheries,  it  was  recycled 
within  the  ecosystem.  Consequently,  our  societal 
decision  to  harvest  fish  induces  ecological  changes 
among  competitors,  prey,  and  predators  as  the  sys- 
tem responds  to  fishing  and  the  trophically-induced 
changes  fishing  causes  in  ecosystems.  These  changes 
affect  future  levels  of  surplus  production  of  the  har- 
vested population,  including  the  possibility  that  there 
may  be  none. 

We  understand  that  fisheries  must  continue,  be- 
cause they  provide  food,  desirable  social  and  eco- 
nomic benefits,  and  be- 
cause the  cultural  tradi-        

tions  of  fishing  are 
highly  valued.  How- 
ever, we  also  understand 
that  overutilized  fisher- 
ies are  a  serious  threat 
to  those  traditions  and 
benefits  (National  Re- 
search Council  1999). 
Conflict  thus  develops 
when  management 
agencies  (e.g.,  NMFS, 
Regional  Fishery  Man- 
agement Councils,  etc.) 

seek  to  implement  sus-        

tainable  yield  policies 
for  open-access  re- 
sources, when  fishery  effects  extend  to  animals  pro- 
tected by  our  Endangered  Species  Act  or  Marine 
Mammal  Protection  Act,  and,  most  recently,  when 
conservation  and  management  interests  assert  that 
the  burden  of  proof  should  be  placed  on  the  fishing 
industry  (i.e.,  to  demonstrate  that  exploitation  does 
not  produce  large-scale  and  long-term  ecological 
changes)  (Dayton  1998).  Finding  the  balance  be- 
tween competing  interests  is  a  difficult  challenge, 
and  each  fishery  will  have  its  unique  solutions.  On 
the  Federal  level,  NMFS  will  be  expected  to  pro- 
vide the  ecological  insights  that  are  essential  for  long- 
term  protection  offish  stocks  and  their  ecosystems. 

Decisions  regarding  fishing  practices  derive  from 
our  social,  economic,  political,  and  cultural  context, 
and  only  secondarily  from  the  ecological  context  that 
supports  fisheries  (Mooney  1998).  A  holistic  view 
requires  that  we  recognize  fishery  management  and 
exploitation  as  a  real  and  integral  part  of  the  marine 
ecosystem  (Langton  and  Haedrich  1997).  Because 


Nature  has  limits 

If  nature  is  a  shifting  mosaic  or  in  essentially  con- 
tinuous flux,  then  it  may  be  wrong  to  conclude  tliat  what- 
ever societies  clioose  to  do  in  or  to  the  natural  world  is 
fine.  The  question  can  be  stated  as,  "If  the  state  of  na- 
ture is  flux,  then  is  any  luiman-generated  cimnge  okay?  " 
...  The  answer  to  this  question  is  a  resounding  "No!"  ... 
Human-generated  changes  must  be  constrained  because 
nature  lias  functioned,  historical,  and  evolutionary  lim- 
its. Nature  has  a  range  of  ways  to  be,  but  there  is  a  limit 
to  those  ways,  and  therefore,  human  changes  must  be 
within  those  limits  (Pickett  et  al.  1992). 


fishing  actively  removes  a  percentage  of  one  or  sev- 
eral species,  it  can  affect  the  predators  and  prey  of 
those  species,  their  physical  habitat,  and  it  can  change 
the  growth  and  mortality  rates  of  target  and  non-tar- 
get species  alike.  In  short,  fishing  can  and  is  likely 
to  alter  the  structure  and  function  of  marine  ecosys- 
tems (Dayton  1998,  Pauly  et  al.  1998).  Humans  are 
at  the  top  of  the  global  marine  food  chain.  We  thus 
have  the  obligation  and  opportunity  to  make  choices 
to  affect  the  marine  environment  positively. 

While  fishing  has  a  long  history,  it  is  a  relatively 
new  force  in  the  scales  of  evolutionary  time.  Fish- 
ing is  typically  a  species-selective  and  size-selec- 
tive agent  of  mortality 
and,  therefore,  is  unlike 
the  natural  causes  of 
mortality.  Most  of  the 
fish  removed  by  fish- 
ing activities  are  in  the 
middle  or  near  the  top 
of  their  respective  food 
webs.  Fishing  can  be 
viewed  as  a  keystone 
predator;  the  ecologi- 
cal effects  of  fishing 
are  therefore  substan- 
tially greater  and  more 
complex  than  simply 

the  biomass  removed. 

Thus,  we  should  expect 
that  substantial  changes 
have  or  could  occur  in  those  ecosystems  due  to  fish- 
ing. We  have  witnessed  changes  in  the  landscape 
around  us  with  the  advent  of  technology  evolved 
from  the  axe  and  the  plow.  We  should  expect  equally 
profound  ecological  changes  from  modern,  large- 
scale  uses  of  the  hook  and  net. 


MANAGING  FISHERIES  IN 
AN  ECOSYSTEM  CONTEXT 

Ecosystem-based  fisheries  management  does  not 
require  that  we  understand  all  things  about  all  com- 
ponents of  the  ecosystem.  We  know  that  the  tradi- 
tional single-species  approach  of  fisheries  manage- 
ment is  tractable,  but  we  also  know  that  it  may  not 
be  sufficient.  We  know  that  an  ecosystem  perspec- 
tive is  desirable,  but  it  is  complex  and  unpredict- 
able. There  simply  is  not  enough  money,  time,  or 
talent  to  develop  a  synthetic  and  completely  informed 
view  of  how  fisheries  operate  in  an  ecosystem  con- 
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text.  There  will  always  be  unmeasured  entities,  ran- 
dom effects,  and  substantial  uncertainties,  but  these 
are  not  acceptable  excuses  to  delay  implementing 
an  ecosystem-based  management  strategy. 

Each  fishery  and  each  ecosystem  is  unique  and 
yet,  in  all  cases,  we  are  confronted  with  four  funda- 
mental problems: 

•  We  do  not  have  a  complete  understanding  of  the 
ecological  system  that  produces  and  supports 
fishes. 


We  cannot  forecast 
weather  or  climate 
and  their  effects  on 
ecosystems. 

Systems  evolve  over 
time  and  knowing 
how  the  system 
works  does  not  nec- 
essarily mean  that  an 
ecosystem  would  re- 
spond predictably  to 
future  changes  in 
weather,  climate,  or 
fisheries. 

Our  institutions  are 
not  configured  to 
manage  at  the  eco- 
system scale.  Fish 
and  the  fisheries  that 
pursue  them  are  not 
easily  aligned  with 
our  political  and  ju- 
risdictional bound- 
aries. 


These  constraints  are  not  unique  to  fisheries,  they 
confront  all  attempts  to  manage  natural  resources  in 
an  ecosystem  context.  We  know  that  the  removal  of 
one  species  can  and  does  affect  others,  but  rarely 
have  we  developed  management  plans  that  ad- 
equately account  for  those  direct  and  indirect  effects. 
We  know  that  ecosystems  have  a  limited  carrying 
capacity  that  results  in  bounds  on  fish  yields.  We 
know  that  habitat  loss  contributes  to  declines  in  spe- 
cies abundance,  but  too  often  we  only  regulate  catch, 
gear,  or  effort  for  one  target  species  as  a  way  to  com- 
pensate for  habitat  loss  and  its  effects  on  other  spe- 
cies. We  know  that  major,  unexpected  events  (e.g.. 


Legal  Authorities  for 
Ecosystem  Management  of  Fisheries 

The  Magnuson-Stevens  Fishery  Conservation  and 
Management  Act  allows  fishery  managers  to  consider 
ecosystems  in  setting  tncmagement  objectives.  National 
Standard  1  requires  consen^ation  and  management  mea- 
sures to  "prevent  overfishing  white  achieving,  on  a  con- 
tinuing basis,  the  optimum  yield  from  each  fishery  "  {Sec. 
30l(a)(I )).  The  "optimum  "  yield  is  defined  as  provid- 
ing "the  greatest  overall  benefit  to  the  Nation,  particu- 
larly with  respect  to  food  production  and  recreational 
opportunities,  and  taking  into  account  the  protection  of 
marine  ecosystems"  (Sec.  3(28)(A)).  Moreover  the  op- 
timum yield  is  prescribed  as  "the  maximum  sustainable 
yield  from  each  fisheiy,  as  reduced  by  any  relevant  eco- 
nomic, social  or  ecological fiictor"  (Sec.  3(28 )(B)).  In 
addition,  tlie  Act  states  as  one  of  its  purposes  "to  pro- 
mote the  protection  of  essential  fish  habitat"  (Sec. 
2(b)(7)).  To  the  extent  that  ecosystems  are  not  being 
adecjuately  considered  in  FMPs.  it  is  not  because  of  a 
lack  of  statutory  authority  so  much  as  it  is  a  lack  of  di- 
rection about  wliat  information  is  required  and  how  it 
should  be  put  into  operation. 


El  Nifio)  can  alter  ecosystem  processes,  thus  affect- 
ing species  targeted  by  fisheries,  but  we  have  no 
method  for  integrating  these  events  into  our  assess- 
ments of  target  species  population  trends  (Mantua 
et  al.  1997.  Francis  et  al.  1998). 

What  are  the  potential  gains  of  implementing  an 
ecosystem  approach  to  management,  and  how  do  we 
develop  a  holistic  view  that  is  both  sufficient  and 
tractable?  In  this  report,  we  develop  a  strategy  for 
implementing  ecosystem-based  management. 

First,  we  develop  a 

conceptual  model  that 
sets  fisheries  in  the  con- 
text of  what  we  know 
about  ecosystem  theory 
(which  is  provided  in 
the  section  on  Ecosys- 
tem Principles,  Goals, 
and  Policies).  Second, 
we  provide  a  brief  as- 
sessment of  the  extent 
to  which  ecosystem 
principles,  goals,  and 
policies  are  applied  in 
U.S.  fisheries  research 
and  management  (Cur- 
rent Applications  of 
the  Principles,  Goals, 
and  Policies).    Third, 
we  offer  a  series  of  spe- 
cific recommendations 
for  applying  these  prin- 
ciples to  the  operational 
context  of  NMFS,  the 
Regional  Fishery  Man- 
agement      Councils 
(Councils),  their  ad- 
ministrative structure  and  their  management  activi- 
ties (Recommendations  for  Implementing  the 
Ecosystem  Principles,  Goals,  and  Policies  in  U.S. 
Fisheries  Conservation,  Management,  and  Re- 
search).  Finally,  we  recommend  a  comprehensive 
research  program  to  provide  the  ecological  and  gov- 
ernance underpinnings  for  ecosystem-based  fishery 
management. 

Taken  as  a  whole,  the  report  presents  our  best 
advice  about  innovative  approaches  that  can  help  set 
fisheries  in  an  ecosystem  context.  Ecosystem-based 
management  is  an  important  new  challenge.  We 
expect  that  NMFS,  Council  managers,  and  scientists 
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will  develop  creative  ways  to  help  meet  that  chal-  agement.  It  will  also  demand  a  strong  poHtical  will 

lenge.  But  these  new  approaches  cannot  substitute  expressed  through  Congress.  NMFS  and  the  Coun- 

for  compliance  with  existing  mandates.  Ecosystem-  cils — one  based  on  a  broader  appreciation  of  the 

based  management  will  require  re-evaluation  of  the  ecosystem  context  within  which  we  prosecute  our 

institutional  structure  necessary  for  effective  man-  fisheries  (Hutchings  et  al.  1997). 
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SECTION  TWO:  ECOSYSTEM 
PRINCIPLES,  GOALS,  AND  POLICIES 


There  are  two  requirements  for  managing  human 
interactions  with  marine  ecosystems.  One  is  to  de- 
velop an  understanding  of  the  basic  characteristics 
and  principles  of  these  ecosystems — what  patterns 
they  exhibit  and  how  they  function  in  space  and  time. 
The  second  is  to  develop  an  ability  to  manage  ac- 
tivities that  impact  marine  ecosystems,  consistent 
with  both  their  basic  principles  and  with  societal 
goals  concerning  the  kinds  of  behavior  we  would 
like  ecosystems  to  exhibit  (i.e.,  health  and 
sustainability). 

This  section  lists  eight  basic  ecosystem  principles 
(Principles)  and  their  parallels  in  human  systems  that 
are  part  of  marine  ecosystems.  A  discussion  of  soci- 
etal goals  (Goals)  for  ecosystem-based  management 
follows.  Finally,  a  list  of  general  management  poH- 
cies  (Policies)  to  achieve  the  Goals  is  provided. 


BASIC  ECOSYSTEM  PRINCIPLES 

Marine  ecosystems  are  complex,  adaptive  sys- 
tems composed  of  interconnected  groups  of  living 
organisms  and  their  habitats.  Living  organisms  are 
constantly  adapting  and  evolving  to  their  environ- 
ment (both  to  the  physical  environment,  which  var- 
ies on  multiple  scales,  and  to  other  living  organisms 
with  which  they  co-exist);  this  evolution  leads  to 
complex,  sometimes  chaotic  dynamics. 

Marine  ecosystems  are  generally  extensive  and 
open.  Their  fluid  environments  are  subject  to  vari- 
ability in  both  local  and  remote  inputs  of  energy  (a 
consequence  of  physics  operating  on  many  spatial 
and  temporal  scales)  which  may  dominate  such  sys- 
tems. Highly  variable  and  chaotic  dynamics  of  liv- 
ing resources  are  often  observed  as  well. 

Today,  humans  are  a  major  component  in  most 
ecosystems.  The  human  component  of  the  ecosys- 
tem includes  the  humans  themselves,  their  artifacts 
and  manufactured  goods  (economies),  and  their  in- 
stitutions and  cultures.  The  human  imposition  of 
fishing  mortality,  at  rates  often  higher  than  natural 


mortality,  can  have  major  impacts  not  only  on  tar- 
geted species  but  on  the  ecosystem  itself. 

The  following  eight  Principles  have  analogs  in 
both  the  human  and  nonhuman  aspect  of  ecosystems: 

1.    The  ability  to  predict  ecosystem  behavior  is 
limited. 

Uncertainty  and  indeterminacy  are  fundamen- 
tal characteristics  of  the  dynamics  of  com- 
plex adaptive  systems.  Predicting  the  behav- 
iors of  these  systems  cannot  be  done  with 
absolute  certainty,  regardless  of  the  amount 
of  scientific  effort  invested.  We  can,  however, 
learn  the  boundaries  of  expected  behavior 
and  improve  our  understanding  of  the  under- 
lying dynamics.  Thus,  while  ecosystems  are 
neither  totally  predictable  nor  totally  unpre- 
dictable, they  can  be  managed  within  the  lim- 
its of  their  predictability. 

Properties  characterizing  marine  ecosystems  may 
vary  within  wide  bounds  on  decadal  and  longer  time 
scales  (Fig.  1).  For  example.  El  Nino  events  and 
decadal  climate  changes  may  displace  species,  re- 
structure communities,  and  alter  overall  productiv- 
ity in  broad  oceanic  areas.  Other  phenomena,  some- 
times operating  on  smaller  time  scales,  may  precipi- 
tate regime  shifts  characterized  by  major  fluctuations 
in  constituent  species  (Steele  1996),  but  our  ability 
to  predict  such  events  is  only  now  evolving  (Langton 
et  al.  1996)  and  will  always  be  shrouded  in  a  degree 
of  uncertainty.  Nevertheless,  management  policies 
can  be  guided  by  the  broad  understanding  we  pos- 
sess of  marine  ecosystem  boundaries  and  produc- 
tion potential  limits. 

The  ability  to  predict  human  behavior  in  fishery 
systems  is  also  limited,  but  evolving.  Many  fisher- 
men pass  through  rounds  of  fishing  in  regular  an- 
nual patterns,  markets  respond  in  predictable  ways 
to  price  changes,  and  fishermen  often  have  predict- 
able responses  to  policy  proposals  or  regulatory 
changes.   Fisheries  systems  respond  to  global  mar- 
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SCALES  OF  PHYSICAL  VARIABILITY 
AFFECTING  MARINE  FISHERIES  POPULATIONS 
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Figure  1 .  Scales  of  physical  variability  affecting  marine  resources.  Variability  in  marine  ecosystems 
is  linked  to  variability  in  the  physical  environment  on  a  continuum  of  time  and  space  scales.  We 
are  often  constrained  to  work  on  scales  at  which  data  are  available,  and  long-term  monitoring 
must  be  carefully  designed  to  address  appropriate  scales.  Figure  courtesy  of  NMFS  Pacific  Fisheries 
Environmental  Laboratory. 


ket  trends  and  economic  changes,  social  preferences 
and  philosophies.  The  ability  to  describe,  explain, 
and  predict  these  human  behaviors,  although  the  be- 
haviors vary  according  to  circumstance,  is  increas- 
ing with  the  growing  body  of  social  scientific  data 
and  information  on  fishery  systems. 

2.  Ecosystems  have  real  thresholds  and  limits 
which,  when  exceeded,  can  effect  major  sys- 
tem restructuring  (Holling  and  Meffe  1996). 

Ecosystems  are  finite  and  exhaustible,  but 
they  usually  have  a  high  buffering  capacity 


and  are  fairly  resilient  to  stress.  Often,  as 
stress  is  applied  to  an  ecosystem,  its  struc- 
ture and  behavior  may  at  first  not  change  no- 
ticeably. Only  after  a  critical  threshold  is 
passed  does  the  system  begin  to  deteriorate 
rapidly.  Because  there  is  little  initial  change 
in  behavior  with  increasing  stress,  these 
thresholds  are  very  difficult  to  predict.  The 
nonlinear  dynamics  which  cause  this  kind  of 
behavior  are  a  basic  characteristic  of  ecosys- 
tems. 
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The  concepts  of  limits  and  thresholds  have  been 
misused  in  single-species  fishery  management  in  the 
sense  that  they  have  been  viewed  as  targets  for  fish 
catches  rather  than  levels  to  be  avoided.  Because 
single-species  management  has  prevailed,  limits  and 
thresholds  rarely  have  been  applied  in  a  broader  eco- 
system context.  Limits  in  fisheries  management  of- 
ten have  been  biological  reference  points  such  as  pre- 
scribed fishing  mortality  rates  or  yields,  that  are  set 
without  concern  for  other  components  in  the  eco- 
system. Many  limits  are  in  fact  thresholds  that,  when 
exceeded,  challenge  the  resilience  of  the  managed 
stock  and  associated  species.  Experience  has  shown 
that  some  past  target  levels  used  by  managers  (e.g., 
maximum  sustainable  yield)  ultimately  lead  to  stock 
declines  or  damage  to  ecological  communities  be- 
cause they  are  too  close  to  critical  thresholds  (Caddy 
and  Mahon  1995).  Thresholds  are  to  be  avoided  to 
maintain  resilience  at  the  species  and  community 
levels.  Fishery  targets  should  be  set  conservatively, 
well  below  the  limits  and  critical  thresholds  that  com- 
promise the  productive  potential  and  stability  of  the 
ecosystem.  Limits  and  thresholds  of  non-targeted 
organisms  have  only  recently  been  considered 
through  mandates  of  the  Marine  Mammal  Protec- 
tion Act,  the  Endangered  Species  Act,  and  in  the  new 
MSFCMA  definitions  of  overfishing  levels  and  pro- 
visions for  bycatch  and  essential  fish  habitat. 

Human  systems  (fishermen,  their  communities, 
and  fishery  management  systems)  are  both  resilient 
and  generally  resistant  to  change.  Thresholds  of  prof- 
itability, tolerance  of  regulatory  conditions,  and  risk 
or  uncertainty-induced  stress  on  fishery-dependent 
human  communities  are  real.  Thresholds  must  be 
determined  through  both  constituent  advice  and  in- 
dependent research  on  individual  and  group  re- 
sponses to  stress.  Identification  of  reference  points 
for  the  limits  of  human  resilience  may  be  possible. 


non-target  organisms  may  radically  alter  communi- 
ties and  ecosystems.  It  is  too  soon  to  know  whether 
heavily  fished  systems,  such  as  Georges  Bank,  will 
return  to  their  previous  states  when  fishing  effort  is 
relaxed  (Fogarty  and  Murawski  1998).  Fisheries 
scientists  and  managers  have  demonstrated  an  abid- 
ing faith  in  the  ability  of  fish  stocks  to  compensate 
for  fishing  effects  by  increasing  their  level  of  pro- 
ductivity. Implicitly,  that  faith  is  extended  to  eco- 
systems which  support  exploited  stocks.  Up  to  a 
point,  recoveries  are  possible.  In  some  coastal  eco- 
systems, however,  resilience  and  limits  have  been 
exceeded,  often  by  the  combined  effects  of  habitat 
destruction  and  fishing,  and  it  is  doubtful  if  they  will 
return  to  their  original  condition. 

Changes  in  ecosystems  may  permanently  alter 
human  behaviors.  When  a  fisherman  goes  out  of 
business,  when  an  annual  season  of  fishing  is  dis- 
turbed, or  when  market  flow  is  interrupted,  it  is  of- 
ten not  possible  to  reestablish  the  former  business, 
pattern,  or  market.  Some  aspects  of  human  systems 
and  behavior  can  be  reestablished  given  enough  time 
and  attention,  whereas  changes  in  natural  compo- 
nents of  ecosystems  are  typically  more  enduring.  In 
contrast,  policy  and  management  systems  are  con- 
tinually subject  to  change  and  reversal. 

4.    Diversity  is  important  to  ecosystem  function- 
ing. 

The  diversity  of  components  at  the  individual, 
species,  and  landscapes  scales  strongly  af- 
fects ecosystem  behavior.  Although  the  over- 
all productivity  of  ecosystems  may  not 
change  significantly  when  particular  species 
are  added  or  removed,  their  stability  and  re- 
silience may  be  affected. 


3.    Once  thresholds  and  limits  have  been  ex- 
ceeded, changes  can  be  irreversible. 

When  an  ecosystem  is  radically  altered,  it  may 
never  return  to  its  original  condition,  even 
after  the  stress  is  removed.  This  phenomenon 
is  common  in  many  complex,  adaptive  sys- 
tems. 

It  is  probable  that  some  estuaries,  coral  reefs 
(Hughes  1994),  and  mangrove  ecosystems  have  been 
irreversibly  altered  by  fishing,  aquaculture,  and  other 
habitat-destructive  activities.  Farther  offshore,  ef- 
fects of  fishing  itself  on  abundances  of  target  and 


Long-term  consequences  of  diversity  losses  due 
to  overfishing  or  poor  fishing  practices  in  marine 
systems  are  largely  unknown.  It  is  clear,  however, 
that  the  economic  value  of  specific  components  of 
catch  change  dramatically  as  some  stocks  are  over- 
fished, to  be  replaced  in  the  ecosystem  by  lower- 
valued  species  (Deimling  and  Liss  1994,  Fogarty  and 
Murawski  1998).  At  the  ecosystem  level,  drastic  al- 
terations of  diversity  certainly  have  occurred,  and 
biological  productivity  has  been  redirected  to  alter- 
native species,  but  it  is  not  clear  that  these  ecosys- 
tems are  less  productive  or  less  efficient.  However, 
such  ecosystems  are  often  valued  less;  witness  the 
loss  of  tourist  revenue  in  areas  that  have  suffered 
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damage  to  coral  reef  systems.  It  is  prudent  to  pre- 
sume that  changes  in  biodiversity  will  decrease  re- 
siliency of  species,  communities  and  ecosystems, 
especially  with  perturbations  that  occur  over  long 
time  scales  (Boehlert  1996). 

This  principle  also  applies  to  the  human  element. 
An  economy  with  more  than  one  sector,  a  commu- 
nity with  more  than  one  industry,  a  fishing  family 
with  more  than  one  income  from  different  sources, 
or  an  industry  large  enough  to  foster  technological 
innovation,  are  all  aspects  of  the  strength  in  diver- 
sity found  in  human  society.  Communities  which 
lose  such  diversity  are  more  susceptible  to  stress  and 
unexpected  sources  of  change. 


5.    Multiple  scales  interact  within  and  among 
ecosystems. 

Ecosystems  cannot  be  understood  from  the 
perspective  of  a  single  time,  space,  or  com- 
plexity scale.  At  minimum,  both  the  next 
larger  scale  and  the  next  lower  scale  of  inter- 
est must  be  considered  when  effects  of  per- 
turbations are  analyzed. 

Consequences  of  perturbations  at  one  scale  in 
marine  systems  may  be  magnified  at  larger  and 
smaller  scales  (Langton  et  al.  1995).  For  example, 
destruction  of  a  species'  spawning  habitat — typically 
a  small  fraction  of  its  range — may  translate  into 
major  impacts  on  species  associations  and  trophic 
interactions  in  the  broader  feeding  areas  of  recruited 
fish.  Likewise,  effects  of  fishing  on  a  broad  ecosys- 
tem scale  may  have  profound  impacts  on  compo- 
nents of  ecosystems  far  removed  in  space  and  time — 
scientists  are  investigating  the  relationship  between 
pollock  fishing  and  the  general  decline  of  Steller  sea 
lion  populations  in  the  eastern  Bering  Sea  and  Gulf 
of  Alaska.  Seemingly  small  human  perturbations, 
applied  at  a  point  in  time  or  in  one  part  of  a  marine 
ecosystem,  may  have  unforeseen  impacts  because 
of  the  open  nature  and  fluid  environment  that  char- 
acterize marine  ecosystems.  These  features  elevate 
the  probability  that  a  stress  applied  at  one  scale  will 
be  transmitted  and  may  have  unforeseen  effects  at 
other  scales  in  the  ecosystem. 

Human  impacts  on  ecosystems  cannot  be  under- 
stood from  the  perspective  of  a  single  time,  space, 
or  complexity  scale.  A  fishing  community  is  sub- 
ject to  perturbations  both  from  its  own  members  and 


from  outside  forces.  Fishery  systems  in  one  loca- 
tion are  subject  to  environmental,  social,  economic, 
and  regulatory  forces  far  removed  in  time  and  space, 
especially  with  respect  to  markets. 

6.  Components  of  ecosystems  are  linked. 

The  components  within  ecosystems  are 
linked  by  flows  of  material,  energy,  and  infor- 
mation in  complex  patterns. 

Critical  linkages  in  marine  ecosystems  are  sus- 
tained by  key  predator-prey  relationships.  Large, 
long-lived  predators  and  small,  short-lived  prey  (e.g., 
forage  fishes)  both  contribute  in  major  ways  to  ma- 
rine fish  catches.  Heavy  fishing  may  precipitate  spe- 
cies replacements,  both  at  lower  trophic  levels  (e.g., 
sand  lance  replacing  herring  and  vice-versa)  and  at 
upper  trophic  levels  (e.g.,  sharks  and  rays  replacing 
Atlantic  cod)  (Fogarty  and  Murawski  1998).  Loss 
from  ecosystems  of  large  and  long-lived  predators 
is  of  particular  concern  because  they  potentially  ex- 
ercise top-down  control  of  processes  at  lower  trophic 
levels.  Global  data  sets  have  indicated  that  the  mean 
trophic  level  of  fish  caught  declined  significantly 
from  1950-1994  (Pauly  et  al.  1998).  Fishing  down 
food  webs  (i.e.,  fishing  at  lower  trophic  levels)  dis- 
rupts natural  predator-prey  relationships  and  may 
lead  first  to  increasing  catches,  but  then  to  stagnat- 
ing or  declining  yields. 

Disruption  of  ecosystem  linkages  clearly  may 
have  resounding  impacts  on  human  economies  and, 
in  the  worst  cases,  ecosystem  stability  and  produc- 
tivity are  compromised.  Components  of  human  sys- 
tems are  linked  by  flows  of  material,  energy,  and 
information.  The  collapse  of  a  market  may  drasti- 
cally change  fishing  behavior.  A  technological  in- 
novation or  entry  of  a  new  segment  of  a  fishing  fleet 
may  cause  far-reaching  changes  in  dependent  hu- 
man communities. 

7.  Ecosystem  boundaries  are  open. 

Ecosystems  are  far  from  equilibrium  and  can- 
not be  adequately  understood  without  knowl- 
edge of  their  boundary  conditions,  energy 
flows,  and  internal  cycling  of  nutrients  and 
other  materials.  Environmental  variability  can 
alter  spatial  boundaries  and  energy  inputs  to 
ecosystems. 

Productive  potential  of  marine  ecosystems  is  es- 
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pecially  sensitive  to  environmental  variability  over 
a  spectrum  of  temporal  and  spatial  scales.  The  un- 
bounded structure  of  marine  communities  provides 
the  backdrop  for  the  high  (relative  to  terrestrial)  vari- 
ability that  is  observed  (Steele  1991).  Boundaries 
of  ecosystems,  or  productive  regions,  shift  with 
weather  and  longer-term  climate  change.  Species 
abundances  and  distributions  vary  in  accord  with 
annual  to  decadal  shifts  in  ocean  features  (e.g., 
Pearcy  and  Schoener  1987,  Polovina  et  al.  1995, 
Roemmich  and  McGowan  1 995,  Francis  et  al.  1 998, 
McGowan  et  al.  1998).  In  open  systems,  local  heavy 
fishing  in  combination  with  major  changes  in  ocean 
conditions  (e.g..  El  Niiio)  can  lead  to  fishery  col- 
lapses and  associated  shifts  in  the  partitioning  of 
energy  or  biomass  among  trophic  levels  (e.g.,  Walsh 
1981,  Barber  and  Chavez  1983). 

Human  behavioral  systems  are  also  subject  to 
variability  over  a  spectrum  of  temporal  and  spatial 
scales,  and  cannot  be  understood  without  knowledge 
of  their  boundary  conditions.  Certain  components 
of  human  systems  (people)  are  closely  related  and 
interact  regularly  over  time;  others  are  only  sporadi- 
cally in  contact  and  interact  in  cyclical  or  irregular 
patterns.  The  more  intermittent  or  sporadic  the  con- 
tact or  interaction,  the  less  stable  the  human  system 
(Axelrod  1984). 

8.    Ecosystems  change  with  time. 

Ecosystems  change  with  time  in  response  to 
natural  and  anthropogenic  influences.  Dif- 
ferent components  of  ecosystems  change  at 
different  rates  and  can  influence  the  overall 
structure  of  the  ecosystem  itself  and  affect 
the  services  provided  to  society  in  the  form 
of  fish  catch,  income  and  employment. 

Marine  ecosystems  experience  directional 
changes.  Shifts  in  climate  are  responsible  for  many 
such  changes,  but  the  role  of  biological  interactions 
in  the  absence  of  human  influence  are  largely  un- 
known. Dramatic  changes  in  coastal  and  estuarine 
ecosystems,  attributable  to  long-term  geological  and 
erosional  processes  are  easily  observed  (e.g.,  Chesa- 
peake Bay,  see  Mountford  1996).  Anthropogenic 
changes  are  all  too  common,  especially  in  neritic  and 
estuarine  ecosystems  or  enclosed  seas  (e.g.,  San 
Francisco  Bay  (Nichols  et  al.  1986),  Great  Lakes, 
Black  Sea,  Aral  Sea,  Chesapeake  Bay).  Species  in- 
troductions, excess  nutrient  loading,  damming  of 
tributaries,  poor  stewardship  of  bordering  forests,  bad 


agricultural  practices,  and  poorly-managed  fisher- 
ies are  examples  of  factors  that  cause  change.  Rapid 
advances  in  fishing  technologies  (e.g.,  vessel  power, 
navigation,  sensing-locating,  and  harvest  efficiency), 
the  propensity  for  fisheries  to  selectively  remove 
species,  failure  to  control  bycatch,  and  unintended 
damage  to  the  physical  structure  of  ecosystems,  have 
changed  the  character  of  heavily  fished  ecosystems 
(e.g.,  Georges  Bank)  (Fogarty  and  Murawski  1998). 
Selective  fishing,  that  often  targets  long-lived  preda- 
tors, can  have  cascading  effects  on  community  struc- 
ture (Marten  1979,  Laws  1977),  while  heavy  indus- 
trial fishing  on  forage  species  may  have  unintended 
impacts  on  top  predators,  especially  those  (e.g.,  ma- 
rine mammals)  unable  to  adapt  quickly  to  changes 
in  the  forage  base.  Removal  of  large  whales  through 
past  whaling  practices,  likewise,  may  have  linger- 
ing effects  on  the  nature  of  ecosystem  structures  to- 
day (National  Research  Council  1996).  Deteriora- 
tion of  coastal  ecosystems  may  also  generate  active 
attempts  at  remediation  or  enhancement  through 
aquaculture  and  other  means  (Morikawa  1994), 
which  can  also  generate  pollution  and  wastes  (Wu 
1995). 

Human  activities  dependent  on  ecosystems  may 
change  in  response  to  environmental  change  and 
changes  induced  by  fishing  and  other  activities.  In 
the  short  run,  these  impacts  may  be  considered  the 
normal  consequences  of  a  highly  variable  activity. 
However,  humans  adapt  to  long-term  changes  in 
composition  of  fisheries  by  stopping  fishing  or  shift- 
ing effort  to  other  species:  changes  which  may  pro- 
duce adverse  impacts.  In  addition,  changes  in  per- 
ception, values,  preferences,  patterns  of  use,  and  ac- 
cumulation of  knowledge  or  expertise  may  cause 
changes  over  time  in  the  ways  humans  interact  within 
ecosystems.  Human  components  of  ecosystems  (es- 
pecially technology  and  institutions)  can  change  rap- 
idly in  ways  that  outstrip  the  capacity  for  change  of 
other  ecosystem  components.  Communities  may 
continue  to  grow  and  consumption  rates  increase, 
for  example,  yet  the  capacity  of  the  seas  to  increase 
yields  of  living  marine  resources  is  limited.  Thus, 
fishery  management  policies  must  be  prepared  to 
take  into  account  these  factors. 


BROADENING  SOCIETAL 
GOALS  FOR  ECOSYSTEMS 

Traditionally,  societal  goals  have  emphasized 
benefits  to  humans  resulting  from  extractive  uses  of 
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ecosystem  components.  For  example,  fishery  man- 
agement has  typically  had  revenues,  employment, 
recreational  fishing  opportunities,  and/or  mainte- 
nance of  traditional  lifestyles  as  explicit  or  implicit 
goals.  From  an  ecosystem  perspective,  these  goals 
need  to  be  broadened  to  include  concepts  of  health 
and  sustainability  (Lubchenco  et  al.  1991,  National 
Research  Council  1999).  Ecosystem  health  is  the 
capability  of  an  ecosystem  to  support  and  maintain 
a  balanced,  integrated,  adaptive  community  of  or- 
ganisms having  a  species  composition,  diversity  and 
functional  organization  comparable  to  that  of  the 
natural  habitat  of  the  region  (Sparks  1995).  This 
concept  is  also  referred  to  as  biotic  integrity,  which 
is  defined  as  a  system's  wholeness,  including  the 
presence  of  all  appropriate  elements  and  occurrence 
of  all  processes  at  appropriate  rates  (Angermeier  and 
Karr  1994,  Angermeier  1997).  While  the  concept  of 
health  applied  to  marine  ecosystems  is  relatively  new 
and  untested,  it  has  become  a  guiding  framework  in 
several  areas,  including  forest  ecosystems  (Kolb  et 
al.  1994),  agroecosystems  (Gallopin  1995),  desert 
ecosystems  (Whitford  1995),  and  others  (Rapport 
etal.  1995). 

A  healthy  ecosystem  provides  certain  ecosystem 
goods  and  services,  such  as  food,  fiber,  the  capacity 
for  assimilating  and  recycling  wastes,  potable  wa- 
ter, clean  air,  etc.  (International  Society  for  Ecosys- 
tem Health,  1998).  How  do  we  extract  from,  and 
otherwise  utilize  ecosystems,  while  maintaining  their 
health  and  the  array  of  non-use  services  that  they 
also  provide  (Costanza  et  al.  1997)  into  the  indefi- 
nite future? 

The  challenge  to  scientists  and  managers  is  to 
develop  useful,  quantitative  measures  of  ecosystem 
health  which  can  guide  management.  What  level  of 
fishing,  for  example,  can  a  "healthy"  ecosystem  sus- 
tain? How  can  vigor  and  resilience  be  expressed 
quantitatively  so  that  managers  can  maintain  them 
within  healthy  limits?  These  are  difficult  questions 
which  will  not  be  answered  in  their  entirety  in  the 
foreseeable  future,  but  incremental  implementation 
of  ecosystem-based  fisheries  management  will  be- 
gin to  identify  ecosystem  variables  (or  indicators) 
that  are  unacceptable.  These  could  be  used  to  guide 
management  away  from  unhealthy  ecosystem  states. 


GENERAL  ECOSYSTEM- 
BASED  MANAGEMENT  POLICIES 

Ecosystem  Principles  to  achieve  societal  Goals 
must  be  implemented  through  ecosystem-based  man- 
agement Policies.  There  are  three  overriding  aspects 
of  the  Principles  that  are  taken  into  account  in  the 
six  Policies  discussed  below.  These  are  the  exhaust- 
ibility  of  ecosystems  (reflected  in  Principles  2  and 
3),  uncertainty  about  ecosystems  (reflected  in  Prin- 
ciples 1,  2,  4,  and  8),  and  the  role  of  humans  within 
ecosystems  (reflected  in  all  of  the  Principles).  The 
exhaustibility  of  the  ecosystem  requires  a  policy  to 
change  the  burden  of  proof  (Policy  1).  Both  the  ex- 
haustibility of  ecosystems  and  uncertainty  about  eco- 
systems require  policies  to  manage  by  a  precaution- 
ary approach  (Policy  2)  and  to  "purchase  insurance" 
(Policy  3)  against  adverse  ecosystem  impacts.  Un- 
certainty about  ecosystems  also  dictates  that  there  is 
learning  from  management  experiences  (Policy  4). 
The  role  of  humans  within  ecosystems  requires  poli- 
cies to  make  incentives  for  human  behavior  consis- 
tent with  societal  goals  for  ecosystems  (Policy  5). 
Acceptance  and  effective  implementation  of  the  poli- 
cies and  management  is  served  by  promoting  par- 
ticipation, fairness  and  equity  (Policy  6).  Each  of 
the  Policies  is  discussed  below. 

1 .    Change  the  burden  of  proof. 

We  live  in  a  world  where  humans  are  an  im- 
portant component  of  almost  all  ecosystems. 
Thus,  it  is  reasonable  to  assume  that  human 
activities  will  impact  ecosystems.  The  modus 
operandi  for  fisheries  management  should 
change  from  the  traditional  mode  of  restrict- 
ing fishing  activity  only  after  it  has  demon- 
strated an  unacceptable  impact,  to  a  future 
mode  of  only  allowing  fishing  activity  that  can 
be  reasonably  expected  to  operate  without 
unacceptable  impacts. 

To  date,  almost  any  type  of  fishing  activity  has 
been  allowed  until  problems  arise  and  regulations 
are  established  to  solve  them.  Decision  makers  have 
to  be  convinced  that  management  restrictions  are 
needed.  As  W.  F.  Thompson  (1919)  wrote  ". . .  proof 
that  seeks  to  change  the  way  of  commerce  and  sport 
must  be  overwhelming."  Several  authors  have  ar- 
gued that  a  change  is  needed  in  this  "burden  of  proof ' 
(Sissenwine  1987,  Mangel  etal.  1996,  Dayton  1998). 
The  key  elements  of  the  change  are:  1 )  that  future 
fishing  activity  should  be  allowed,  if  and  only  if  it  is 
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explicitly  provided  for  by  fishing  regulations  which 
take  into  account  risk  and  uncertainty  and  are  pro- 
mulgated to  protect  all  elements  of  the  ecosystem, 
and  2)  that  to  a  substantial  degree  the  responsibility 
for  providing  the  information  and  other  support  (e.g., 
the  cost  of  management)  necessary  to  manage  fish- 
eries in  a  sustainable  manner,  lies  with  participants 
in  the  fishery. 

The  first  part  of  the  change  is  analogous  to  chang- 
ing the  "null"  hypothesis  from  "marine  fisheries  are 
inexhaustible"  (Huxley  1883),  to  today's  reality  that 
marine  fisheries  will  usually  evolve  to  a  state  of  over- 
fishing unless  they  are  carefully  managed  (Garcia 
and  Newton  1997).  The  second  element  of  the 
change  makes  clear  that  the  direct  beneficiaries  from 
fishing  should  accept  a  greater  share  of  the  burden 
(i.e.,  costs)  of  fishery  management.  The  standard  of 
proof  associated  with  the  change  (i.e.,  how  much 
certainty  is  needed  before  a  fishing  activity  is  al- 
lowed) should  be  commensurate  with  the  severity 
of  the  risk  of  a  mistake.  Applying  the  proper  stan- 
dard of  proof  is  implicitly  an  element  of  the  precau- 
tionary approach  (see  Policy  2). 

In  practice,  changing  the  burden  of  proof  will 
mean  that,  when  the  effects  of  fishing  on  either  the 
target  fish  population,  associated  species,  or  the  eco- 
system are  poorly  known  (relative  to  the  severity  of 
the  potential  outcome),  fishery  managers  should  not 
expand  existing  fisheries  by  increasing  allowable 
catch  levels  or  permitting  the  introduction  of  new 
effort  and  should  not  promote  or  develop  new  fish- 
eries for  so-called  "underutilized  species." 

2.    Apply  the  precautionary  approach. 

The  precautionary  approach  is  a  l<ey  element 
of  the  United  Nations  Agreement  for  Strad- 
dling Stocks  and  Highly  Migratory  Species 
(United  Nations  1996)  and  the  Food  and  Agri- 
culture Organization  of  the  United  Nations 
(FAO)  Code  of  Conduct  for  Responsible  Fish- 
eries (FAO  1995).  The  U.S.  is  a  signatory  of 
both. 

All  ecosystems  are  complex  and  uncertainty  is 
unavoidable.  Within  uncertainty,  there  is  always  a 
risk  of  undesirable  consequences  on  fishery  re- 
sources (e.g..  overfishing)  and/or  on  ecosystems. 
The  precautionary  approach  was  motivated  by  the 
widely  accepted  conclusion  of  scientists  and  fishery 
managers  that  many  of  the  current  problems  of  fish- 


eries (i.e.,  a  large  number  of  overfished  stocks)  have 
been  caused  by  the  practice  of  making  risk-prone 
fishery  management  decisions  (i.e.,  to  err  toward 
overfishing)  in  the  face  of  uncertainty  (Garcia  and 
Newton  1994).  One  approach  to  coping  with  uncer- 
tainty, which  is  widely  applied  to  other  human  en- 
deavors, is  to  encourage  behaviors  (often  by  enact- 
ing regulations)  that  reduce  risk.  Thus,  the  precau- 
tionary approach  calls  for  risk  averse  decisions  (i.e., 
to  err  toward  conservation).  FAO  (1995)  provides 
guidelines  on  the  application  of  the  precautionary 
approach. 

3.    Purchase  "insurance"  against  unforeseen, 
adverse  ecosystem  impacts. 

Even  under  the  precautionary  approach,  there 
is  a  risk  of  unforeseen,  adverse  impacts  on 
ecosystems.  Insurance  can  be  used  to  miti- 
gate these  impacts  if  and  when  they  occur. 

Insurance  is  a  common  method  for  guarding 
against  the  risks  of  unforeseen,  adverse  impacts  of 
many  human  endeavors,  and  it  has  been  proposed  to 
guard  against  adverse  ecosystem  impacts  (Costanza 
and  Corn  well  1992).  A  requirement  to  purchase  in- 
surance provides  an  incentive  to  avoid  risk-prone 
behavior  (to  reduce  the  cost  of  insurance).  Thus, 
this  management  policy  supports  the  precautionary 
approach. 

Insurance  can  take  many  forms  in  addition  to  the 
traditional  form  of  insurance  policies  or  environmen- 
tal bonds.  Marine  protected  areas,  for  example,  are 
a  form  of  insurance.  Protecting  parts  of  the  ecosys- 
tem from  exploitation  can  insure  future  productiv- 
ity and  sustainability  (Carr  and  Reed  1993,  Dugan 
and  Davis  1993,  Agardy  1994,  Bohnsack  and  Ault 
1996,  Roberts  1997,  Lauck  et  al.  1998).  Reserves 
also  serve  as  baseline  areas  to  evaluate  natural  varia- 
tion in  animal  and  plant  populations  that  are  free  from 
fishing  impacts. 

Another  form  of  insurance  is  a  system  to  detect 
adverse  impacts  at  an  early  stage  so  that  actions  can 
be  taken  to  prevent  further  damage  and/or  to  repair 
damage.  This  form  of  insurance  is  more  effective  if 
corrective  actions  have  already  been  planned  and 
adopted,  such  that  there  is  minimal  delay  when  a 
problem  is  detected. 

Environmental  bonding,  marine  protected  areas, 
and  a  system  to  detect  and  respond  to  adverse  im- 
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pacts  can  serve  as  both  insurance  and  elements  of  a 
precautionary  approach. 

4.  Learn  from  management  experiences. 

Management  actions  and  policies  can  be  con- 
sidered as  experiments  and  should  be  based 
upon  hypotheses  about  the  ecosystem  re- 
sponse. This  requires  close  monitoring  of 
results  to  determine  to  what  extent  the  hy- 
potheses are  supported. 

Sustainable  management  of  complex,  adaptive 
ecosystems  must  itself  be  adaptive  (Holling  1978). 
Management  policies  are  experiments  from  which 
we  can  learn  and  improve,  rather  than  absolute  "so- 
lutions." Adaptive  management  in  an  "active"  con- 
text would  demand  that  hypotheses  be  put  forward 
for  testing  and  that  alternative  models  be  considered. 
Active,  adaptive  management  often  presumes  that 
changes  in  fishing  mortality  rates  will  be  imposed 
purposefully  to  induce  a  response  in  the  fished  stock 
or  in  the  ecosystem  under  investigation  (Walters 
1986,  Hilborn  and  Walters  1992).  This  "active"  ex- 
perimental approach  to  management  is  scientifically 
sound,  but  may  have  limited  applicability  in  exten- 
sive marine  ecosystems,  at  least  within  the  time 
scales  in  which  managers  must  act  and  in  which  fish- 
eries operate.  Walters  (1997),  while  arguing  elo- 
quently about  potential  advantages  of  active  adap- 
tive management,  recognizes  the  many  arguments 
that  detract  from  its  adoption.  For  instance,  model- 
ing exercises  and  experiments  required  for  the  imple- 
mentation of  adaptive  management  have  often  been 
seen  as  excessively  expensive  or  ecologically  risky. 
A  less  aggressive  form  of  the  adaptive  approach, 
however,  is  more  generally  acceptable  and  appli- 
cable. In  this  form,  managers  learn  from  actions  to 
the  greatest  extent  possible  and  respond  expedi- 
tiously with  alternative  management  actions.  The 
willingness  and  institutional  capability  to  respond 
are  critical  for  this  form  of  management  to  succeed. 

5.  Make  local  incentives  compatible  with  global 
goals. 

Changing  human  behavior  is  most  easily  ac- 
complished by  changing  the  local  incentives 
to  be  consistent  with  broader  social  goals. 
The  lack  of  consistency  between  local  incen- 
tives and  global  goals  is  the  root  cause  of 
many  "social  traps,"  including  those  in  fish- 
eries management  (Costanza  1987).  Chang- 


ing incentives  is  complex  and  must  be  accom- 
plished in  culturally  appropriate  ways. 

Global  goals,  such  as  long-term  sustainability  of 
a  fish  population  or  ecosystem  health,  are  generally 
beyond  the  control  of  people  at  a  local  scale.  Their 
incentive  for  conservation  is  diminished  if  they  have 
no  assurance  that  others  will  conserve  or  if  they  will 
not  share  in  future  benefits  from  conservation.  This 
phenomenon  is  illustrated  by  the  well  known  "race 
for  the  fish"  which  can  lead  to  overfishing  and  waste- 
ful overcapitalization  (Graham  1935,  Gordon  1954, 
Sissenwine  and  Rosenberg  1993). 

A  key  element  of  making  local  incentives  con- 
sistent with  global  goals  is  to  allocate  shares  of  the 
fishery  such  that  people  at  local  scales  (down  to  the 
scale  of  individuals)  have  the  incentive  to  use  their 
shares  efficiently  (i.e.,  not  wasting  resources  by  rac- 
ing for  a  share)  and  to  conserve  the  entire  resource 
to  enhance  the  value  of  their  shares  in  the  future. 
Shares  can  take  many  forms  such  as  a  fraction  of  the 
total  allowable  catch  (known  as  an  individual  quota), 
units  of  fishing  effort,  or  exclusive  rights  to  fish  spe- 
cific areas.  Share-based  allocation  schemes  might 
be  broadened  to  take  account  of  indirect  impacts  on 
ecosystems.  There  are  several  options  for  the  local 
scale  to  which  shares  are  allocated,  such  as  to  indi- 
viduals or  to  communities.  The  most  effective  con- 
figuration of  a  share-based  allocation  scheme  de- 
pends on  the  specific  fishery  and  ecosystem  that  is 
being  managed,  but  some  form  of  share-based  allo- 
cation will  usually  be  necessary  to  fulfill  this  man- 
agement policy. 

6.    Promote  participation,  fairness  and  equity  in 
policy  and  management. 

Ecosystem  approaches  to  management  rely 
on  the  participation,  understanding  and  sup- 
port of  multiple  constituencies.  Policies  that 
are  developed  and  implemented  with  the  full 
participation  and  consideration  of  all  stake- 
holders, including  the  interests  of  future  gen- 
erations, are  more  likely  to  be  fair  and  equi- 
table, and  to  be  perceived  as  such. 

The  level  and  quality  of  stakeholder  participa- 
tion in  fishery  management  varies  widely,  as  does 
the  definition  of  "stakeholder."  Participation  varies 
from  passive  consultation  to  shared  decision  mak- 
ing authority  (Sen  and  Nielsen  1996).  Systems  or- 
ganized to  promote  the  maximum  involvement  of 
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stakeholders,  including  the  interests  of  future  gen-  (e.g.,  the  local  or  regional  level),  tend  to  have  the 

erations,  and  to  emphasize  the  maximum  appropri-  highest  credibility  among  fishery  constituents 

ate  delegation  of  responsibility  and  authority  to  the  (Pinkerton  1989).   This  often  leads  to  such  effects 

lowest  possible  levels  of  the  management  system  as  better  data  sharing  and  lower  enforcement  costs. 
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We  reviewed  how  the  Councils  and  NMFS  cur- 
rently apply  the  ecosystem  Principles,  Goals,  and 
Policies  in  order  to  help  shape  strategies  for  greater 
application  in  the  future.  We  could  not  undertake  a 
comprehensive  fishery-by-fishery  assessment  of  the 
application  of  the  ecosystem  Principles  in  current 
research  and  management  activities.  Such  a  task  was 
beyond  our  scope  given  the  limited  time  and  re- 
sources available,  and  was  certain  to  be  incomplete. 
In  addition,  we  saw  little  to  be  gained  by  evaluating 
the  past  performance  of  agencies  relative  to  a  set  of 
ecosystem  Principles,  Goals,  and  Policies  that  were 
not  known  to  the  organizations  whose  performance 
might  be  judged.  Most  importandy,  the  1996  amend- 
ments to  the  MSFCMA  substantially  changed  the 
guidelines  for  certain  management  actions  so  that 
past  practices  are  no  longer  relevant. 

Information  for  the  assessment  was  solicited 
from  a  number  of  sources,  including  NMFS  Regional 
Offices  and  Fishery  Science  Centers.  NMFS  was 
asked  to  consult  with  Councils  and  other  appropri- 
ate organizations  to  prepare  this  information.  At  our 
first  meeting,  representatives  from  each  NMFS  Fish- 
ery Science  Center  briefed  us  on  the  application  of 
general  ecosystem  principles.  Relying  on  that  input 
and  on  our  own  knowledge  and  experience  we  then 
prepared  regional  overviews  which  served  as  the  ba- 
sis for  this  assessment. 

To  organize  the  assessment,  we  posed  a  series  of 
questions  that  reflect  the  application  of  the  Principles. 
These  questions  and  our  answers  to  each  are  given 
below. 

Q:  Have  science-based  ecosystem  boundaries 
been  identified,  and  are  they  used  to  specify 
resource  management  units? 

A:  Marine  ecosystem  boundaries  are  generally  open, 
but  bathymetric  and  other  oceanographic  features 
create  biological  discontinuities  or  shape  gradients 
that  allow  marine  ecosystems  to  be  defined.   On  a 


regional  scale,  the  Council  jurisdictions  reasonably 
correspond  to  such  bathymetric  and  oceanographic 
features.  Within  these  jurisdictions,  management 
unit  boundaries  generally  parallel  the  scientific  in- 
formation about  the  distribution  of  exploited  fish 
stocks.  Because  fish  distributions  are  also  affected 
by  the  topographic  and  oceanographic  features  that 
are  important  to  other  biological  components  of  eco- 
systems, it  is  often  the  case  that  management  units 
corresponding  to  stock  distributions  also  correspond 
to  ecosystem  boundaries.  For  example,  this  occurs 
with  cod  in  the  Gulf  of  Maine  ecosystem,  which  are 
managed  as  a  single  stock  by  the  New  England  Fish- 
ery Management  Council.  There  are  many  situa- 
tions where  this  is  not  the  case,  and  many  cases  where 
the  scientific  basis  for  defining  stock  boundaries  is 
minimal.  Exchange  rates  across  boundaries  are  sel- 
dom known  or  explicitly  considered  in  management. 
This  is  particularly  true  for  highly  migratory  spe- 
cies such  as  tunas,  swordfish,  and  billfishes.  Ex- 
change rates  are  important  within  ecosystems  for 
some  forms  of  management,  such  as  area  closures 
(including  marine  protected  areas)  that  are  used  to 
conserve  exploited  stocks  of  fish,  or  more  broadly, 
to  conserve  marine  ecosystems. 

The  issue  of  ecosystem  boundaries  also  has  con- 
nections with  human  institutions.  In  some  cases,  the 
jurisdiction  of  management  institutions  does  not 
match  ecosystem  boundaries  or  stock  boundaries  of 
some  resources.  This  has  led  to  various  arrange- 
ments for  interjurisdictional  management  of  fisher- 
ies, such  as  international  commissions,  interstate 
fishery  management  commissions,  and  joint  Fish- 
ery Management  Plans  (FMP)  of  two  or  more  Coun- 
cils. While  some  useful  steps  have  been  taken  to 
deal  with  interjurisdictional  issues,  little  consider- 
ation has  been  given  to  mobility  of  the  fishing  in- 
dustry (both  recreational  and  commercial)  between 
jurisdictions,  or  to  the  diversity  of  people  within  the 
jurisdictions. 

Another  factor  related  to  the  definition  of  eco- 
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system  boundaries  is  the  impact  that  nonfishing  sec- 
tors of  society  have  on  marine  ecosystems.  Man- 
agement of  coastal  resources,  agricuhure  and  for- 
estry, in  addition  to  fisheries,  is  also  required  to  ef- 
fectively apply  the  ecosystem  Principles,  Goals,  and 
Policies.  If  it  is  impractical  to  include  these  activi- 
ties within  ecosystem  boundaries,  exchanges  across 
boundaries  cau.sed  by  these  activities  must  be  con- 
sidered. In  addition,  institutional  arrangements  are 
needed  to  address  cross-sectorial  effects  on  ecosys- 
tems. Generally,  such  arrangements  are  lacking,  al- 
though the  recent  MSFCMA  amendment  that  calls 
for  the  identification  of  EFH  should  be  an  impetus 
for  making  such  arrangements. 

We  conclude  that  ecosystem  boundaries  are  gen- 
erally defined  and  are  reflected  in  management,  but 
these  definitions  will  have  to  be  amended  in  order 
to  integrate  our  recommendations  for  an  ecosystem 
approach  to  management. 

Q:  Is  scientific  uncertainty  in  stock  assessments 
and  knowledge  about  marine  ecosystems  de- 
scribed to  managers,  and  is  this  uncertainty 
considered  in  FMPs  (such  as  by  including 
buffers)? 

A:  Many  sources  of  uncertainty  affect  stock  assess- 
ments: I)  imperfections  in  catch  statistics  (sometimes 
from  misreporting),  2)  imprecise  estimates  of  bio- 
logical parameters,  3)  variability  in  fishery  indepen- 
dent resource  surveys,  and  4)  natural  variability  in 
biological  processes,  particularly  in  recruitment.  All 
these  sources  of  uncertainty  should  be  considered 
when  determining  the  variance  associated  with  esti- 
mates of  current  and  future  stock  size.  But,  the  un- 
certainty in  stock  assessment  estimates  is  not  always 
characterized,  and  even  when  it  is,  the  true  uncer- 
tainty is  probably  greater  since  it  is  difficult  to  ac- 
count for  all  sources  of  uncertainty.  Nevertheless, 
managers  are  usually  made  aware  of  at  least  some 
degree  of  uncertainty;  their  reaction  to  uncertainty 
varies  among  regions.  For  example,  the  North  Pa- 
cific Fishery  Management  Council  is  noted  for  gen- 
erally acting  conservatively  in  the  face  of  uncertainty 
(i.e.,  applying  the  precautionary  approach),  whereas 
some  other  Councils  have  consistently  done  the  op- 
posite (i.e.,  making  risk-prone  decisions)  in  the  past. 
Recent  changes  in  the  MSFCMA  and  international 
agreements  requiring  the  application  of  the  precau- 
tionary approach  should  encourage  risk-averse  de- 
cisions by  all  Councils  in  the  future. 


Stock  assessment  uncertainty  is  only  one  of  sev- 
eral areas  of  imprecision  that  should  concern  fish- 
ery managers.  Uncertainty  about  fishery  effects  on 
ecosystems  is  high  and  generally  is  not  character- 
ized. There  are  some  cases  where  fishery  managers 
have  attempted  to  account  for  ecological  relation- 
ships in  spite  of  uncertainty,  such  as  prohibiting  pol- 
lock trawling  within  10-20  miles  of  islands  that  are 
occupied  by  endangered  Steller  sea  lions,  to  mini- 
mize the  risk  that  near-shore  fishing  will  deplete  their 
prey,  however,  these  cases  are  rare. 

Scientific  uncertainty  in  stock  assessments  and 
ecosystems  is  an  inherent  reflection  of  highly  com- 
plex systems  that  extend  over  vast  areas  and  depths. 
We  conclude  that  uncertainty  is  characterized  to 
some  degree.  In  the  future,  fishery  managers  need 
to  consistently  apply  the  precautionary  approach  in 
the  face  of  uncertainty. 

Q:  Is  there  routine  monitoring  of  ecosystems  and 
are  the  results  used  to  support  management? 

A:  The  fish  component  of  marine  ecosystems  is 
monitored  routinely  for  many  stocks  and  in  most  U.S. 
regions.  Standardized  trawl  surveys  of  the  north- 
eastern U.S.,  initiated  in  1963  and  now  conducted 
three  times  per  year,  are  the  most  extensive  example 
of  monitoring  of  the  fish  component,  yet,  some  fish 
stocks  are  virtually  unsampled  by  the  current  sur- 
vey program.  In  other  regions,  fish  stocks  are  only 
surveyed  every  third  year.  In  addition,  fishery-de- 
pendent monitoring  is  conducted. 

Monitoring  of  fish  is  far  more  extensive  than  is 
the  monitoring  of  other  marine  ecosystem  compo- 
nents. Some  systems  such  as  San  Francisco  Bay, 
Chesapeake  Bay,  and  the  Northeast  U.S.  have  long- 
standing ecosystem  monitoring  programs  which 
measure  ecosystem  components  other  than  fish,  but 
the  use  of  such  programs  is  not  widespread  for  eco- 
systems and  fisheries  under  the  jurisdiction  of  NMFS 
and  the  Councils. 

Other  ecosystem  components  that  might  be 
monitored  are  human  demographics,  marine  mam- 
mals, birds,  benthos,  zooplankton,  phytoplankton, 
and  physical  and  chemical  factors.  While  there  is  a 
significant  amount  of  human  census  data  and  other 
information  about  people,  changes  in  the  demograph- 
ics and  cultural  aspects  of  participants  in  fisheries 
are  not  routinely  monitored,  nor  are  there  studies  of 
economics.  As  a  result  of  the  Marine  Mammal  Pro- 
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tection  Act.  many  populations  of  marine  mammals 
are  monitored,  although  this  monitoring  is  limited 
in  extent.  Coastal  sea  birds  are  monitored  in  some 
regions.  There  are  long-term  time-series  of  plank- 
ton data,  such  as  California  Cooperative  Oceanic 
Fisheries  Investigations  data  off  of  California,  and 
Marine  Resources  Monitoring  Assessment  and  Pre- 
diction and  Continuous  Plankton  Recorder  data  in 
New  England  waters.  With  advances  in  satellite  re- 
mote sensing,  it  is  now  possible  to  monitor  primary 
production  and  some  physical  variables  synoptically 
over  vast  regions.  There  has  been  very  little  moni- 
toring of  benthos,  except  for  a  few  sites  and  gener- 
ally for  only  a  few  years.  Lack  of  time-series  data 
on  the  benthos  is  an  impediment  to  understanding 
the  effects  of  mobile  fishing  gear  on  benthic  habi- 
tats. 

Monitoring  data  are  used  in  a  variety  of  ways  in 
the  management  process.  Fish  monitoring  results 
constitute  a  critical  input  to  stock  assessments,  which 
are  used  to  support  fisheries  management.  Limited 
socioeconomic  data  are  used  for  various  impact 
analyses  that  accompany  fishery  management  deci- 
sions. Information  on  other  ecosystem  components 
is  sometimes  considered  to  help  explain  variability 
in  fishery  resources,  but  such  relationships  are  usu- 
ally uncertain  or  speculative  and  therefore  are  sel- 
dom used  by  managers. 

Q:  Have  the  food  webs  of  target  species  been 
identified  and  is  this  information  used  in 
FIVIPs? 

A:  There  are  extensive  databases  on  the  stomach 
content  of  fishes  in  some  regions,  such  as  the  North- 
east and  Alaska  where  hundreds  of  thousands  offish 
of  many  species  have  been  sampled  over  several  de- 
cades. Some  multispecies  predator/prey  models  have 
been  developed,  but  generally  these  models  are  bet- 
ter at  explaining  the  effects  that  trophic  relationships 
might  have  had,  rather  than  predicting  future  pat- 
terns and  variations. 

To  date,  use  of  food  web  information  in  fisher- 
ies management  has  been  limited.  This  reflects  the 
limited  predictive  power  of  existing  multispecies 
predator/prey  models.  Knowledge  of  food  webs  is 
considered  qualitatively  in  some  management  deci- 
sions, such  as  the  Pacific  Fishery  Management 
Council's  FMP  for  anchovies  which  sets  aside  some 
of  the  population  as  forage. 


Q:  Are  total  removals,  including  discards,  taken 
into  account  in  stock  assessments  and  man- 
agement? 

A:  Total  removals  are  made  up  of  the  reported  land- 
ings, unreported  landings,  discards,  and  mortality  to 
fish  that  come  in  contact  with  fishing  gear  but  are 
not  captured.  Stock  assessments  are  routinely  based 
on  reported  landings  and  discard  estimates,  if  avail- 
able. Discard  estimates  are  derived  from  fishing  ves- 
sel logbook  reports  and/or  from  at-sea  observers  on 
fishing  vessels.  Larger  groundfish  vessels  operat- 
ing in  the  northeast  Pacific  are  required  to  have  100% 
observer  coverage,  and  this  improves  the  quality  of 
discard  data  for  these  fisheries.  Observers  in  the 
Gulf  of  Mexico  shrimp  fishery  estimate  that  discards 
of  finfish  are  over  four  times  larger  than  the  catch  of 
shrimp.  For  at  least  one  important  Gulf  species,  red 
snapper,  discards  are  the  largest  component  of  mor- 
tality. But  there  are  many  species  where  there  are 
virtually  no  discard  data  (although  discarding  ex- 
ists). Estimates  of  unreported  landings  and/or  mor- 
tality of  fish  that  come  in  contact  with  fishing  gear, 
but  are  not  captured,  are  very  rare.  Stock  assess- 
ments are  robust  to  under  estimates  of  total  remov- 
als so  long  as  the  proportion  not  included  in  removal 
estimates  is  constant,  which  is  a  reasonable  assump- 
tion under  some  circumstances. 

There  are  alternative  ways  for  fisheries  manage- 
ment to  account  for  total  removals.  When  discards 
are  estimated,  they  are  usually  included  in  the  stock 
assessments  which  support  fisheries  management. 
For  example,  discards  of  juvenile  swordfish  are  fac- 
tored into  the  swordfish  stock  assessments  conducted 
by  the  member  countries  of  the  International  Com- 
mission for  the  Conservation  of  Atlantic  Tunas.  The 
discards  may  be  taken  into  account  by  reducing  the 
allowable  catch  ba.sed  on  the  expected  level  of  dis- 
cards, or  by  counting  estimates  of  discards  against 
the  allowable  catch.  Alternatively,  management 
might  use  measures  that  are  less  dependent  on  know- 
ing total  removals,  such  as  gear  restrictions,  effort 
controls  or  area  closures. 

We  conclude  that  total  removals  are  probably 
underestimated,  and  significantly  so  in  some  cases. 
Therefore,  more  effort  is  needed  to  estimate  total 
removals  and  to  apply  management  strategies  that 
are  robust  in  the  face  of  uncertainty  about  total  re- 
movals. 
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Q:  Have  the  effects  of  fishing  on  the  ecosystem 
been  studied? 

A:  This  is  a  relatively  new  research  endeavor.  There 
is  clear  evidence  that  fishing  alters  species  compo- 
sition (e.g.,  fishing  on  Georges  Bank  appears  to  have 
shifted  the  community  from  predominately  Atlantic 
cod  to  sharks  and  skates  (Fogarty  and  Murawski 
1998)).  Pauly  et  al.  (1998)  recently  showed  that  there 
has  been  a  significant  worldwide  reduction  in  mean 
trophic  level  of  species  fished.  Several  studies  that 
have  demonstrated  that  mobile  fishing  gear  alters 
benthic  habitat  (Auster  and  Langton  1999),  but  little 
is  known  about  the  implications  of  these  changes. 
Further,  there  has  been  even  less  research  conducted 
on  other  fishing  gears. 

Q:  Are  the  habitat  needs  of  different  life  history 
stages  of  target  and  nontarget  species  known 
and  are  they  considered  in  FMPs? 

A:  The  habitats  that  are  used  by  some  or  all  of  the 


life-history  stages  of  many  species  offish  are  known. 
But  habitat  utilization  does  not  mean  that  the  habi- 
tat is  obligatory  (i.e.,  the  species  must  have  that  habi- 
tat to  successfully  complete  its  life-cycle).  The 
mechanistic  relationship  between  a  fish  species  at  a 
particular  life  history  stage,  and  the  type  of  habitat 
it  occupies,  is  unknown  for  most  species  and  life- 
history  stages.  It  is  most  critical  to  understand  the 
essential  habitat  needs  offish  near  shore,  where  an- 
thropogenic effects  on  habitat  are  likely  to  be  most 
significant. 

The  relationships  between  fish  and  habitat  are 
summarized  as  a  basis  of  EFH  determinations  to  be 
included  in  FMP  amendments,  as  required  by  the 
MSFCMA.  These  amendments  require  that  the  habi- 
tat needs  of  fish  populations  be  given  serious  con- 
sideration in  the  future  when  government  agencies 
make  decisions  that  are  likely  to  adversely  affect 
EFH.  Fishing  itself  is  an  activity  that  has  the  poten- 
tial to  affect  EFH.  Taking  account  of  these  potential 
effects  is  a  major  challenge  facing  Councils. 
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In  this  section,  we  describe  approaches  for  in- 
corporating the  Principles,  Goals,  and  Policies  es- 
tablished in  Section  II  into  the  fisheries  management 
and  research  processes  of  the  current  Council  sys- 
tem. We  strongly  believe  that  the  key  to  an  effec- 
tive ecosystem  approach  is  to  fish  more  conserva- 
tively. The  depressed  condition  of  many  U.S.  stocks 
is  related  primarily  to  unsustainable  levels  of  fish- 
ing effort,  rather  than  ecosystem  effects.  With  few 
exceptions,  scientists  understand  the  levels  of  fish- 
ing effort  required  to  produce  sustainable  yields,  but 
fishery  managers  are  challenged  by  a  highly  politi- 
cized process  to  exceed  those  levels  for  short-term 
gains.  Setting  maximum  sustainable  yield  and  opti- 
mum yield  conservatively,  and  respecting  these  con- 
servative goals  in  the  face  of  political  and  economic 
pressure  is  essential  in  any  ecosystem  approach. 

Many  current  U.S.  fishery  management  problems 
such  as  overfishing,  bycatch  and  protection  of  EFH 
are  addressed  in  the  Sustainable  Fisheries  Act  (SPA) 
of  1996.  Each  of  these  SFA  provisions  is  an  impor- 
tant step  toward  the  use  of  ecosystem  principles  in 
fishery  management.  However,  these  measures  do 
not  add  up  to  an  ecosystem  approach. 

FMPs  for  single  species  or  species  complexes 
should  continue  to  be  the  basic  tool  of  fisheries  man- 
agement for  the  foreseeable  future.  However,  man- 
agements actions  under  FMPs  alone  are  not  suffi- 
cient to  implement  an  ecosystem  approach.  A  mecha- 
nism is  required  to  integrate  FMPs  and  include  the 
ecosystem  Principles,  Goals,  and  Policies  in  a  way 
that  will  be  meaningful.  That  mechanism  is  the  Fish- 
eries Ecosystem  Plan  (FEP). 


THE  FISHERIES 
ECOSYSTEM  PLAN  (FEP) 

Our  primary  recommendation  is  that  each  Coun- 
cil (including  NMFS  in  the  case  t)f  Atlantic  highly 
migratory  species)  develop  the  FEP  as  a  mechanism 
for  incorporating  ecosystem  Principles,  Goals,  and 
Policies  into  the  present  fisheries  management  struc- 
ture. The  objectives  of  FEPs  are  to: 

•  Provide  Council  members  with  a  clear  descrip- 
tion and  understanding  of  the  fundamental  physi- 
cal, biological,  and  human/institutional  context  of 
ecosystems  within  which  fisheries  are  managed; 

•  Direct  how  that  information  should  be  used  in  the 
context  of  FMPs;  and 

•  Set  policies  by  which  management  options  would 
be  developed  and  implemented. 

Councils  would  develop  FEPs  for  each  major 
ecosystem  under  their  jurisdiction.  For  example,  the 
North  Pacific  Fishery  Management  Council  might 
have  two  FEPs — one  for  the  Bering  Sea/Aleutian  Is- 
lands and  one  for  the  Gulf  of  Alaska.  Councils  with 
overlapping  ecosystems,  or  with  significant  species 
migration  across  ecosystem  boundaries  would  work 
together  on  a  joint  FEP.  In  the  event  of  transnational 
ecosystems,  appropriate  international  arrangements 
would  be  sought  to  implement  an  ecosystem  ap- 
proach. 

The  FEP  should  be  used  as  a  metric  against  which 
all  fishery-specific  FMPs  are  measured  to  determine 
whether  or  not  management  effectively  incorporates 
the  ecosystem  Principles,  Goals,  and  Policies.  The 
FEP  should  also  contain  regulations  or  management 
measures  which  extend  across  individual  FMPs.  The 
FEP  should  serve  as  a  nexus  for  existing  FMPs  and 
provide  a  context  for  considering  Council  manage- 
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ment  actions  with  respect  to  all  living  marine  re- 
sources, whether  managed  or  not. 

FEPs  must  contain  the  information  about  eco- 
system that  allows  managers  to  make  informed  de- 
cisions, but  the  primary  purpose  of  the  plans  is  to 
prescribe  how  fisheries  will  be  managed  from  an 
ecosystem  perspective.  Careful  consideration  must 
be  given  to  the  structure  and  required  content  of  an 
FEP  to  balance  the  needs  for  plans  to  be  both  sub- 
stantive and  realistic.  It  is  appropriate  that  NMFS 
lead  a  deliberative  and  inclusive  (of  a  broad  range 
of  interests  and  expertise)  process  to  prepare  guide- 
lines for  FEPs  (analogous  to  the  processes  that  have 
been  used  to  prepare  guidelines  for  implementing 
National  Standards).  Preparation  of  such  specific 
guidelines  was  beyond  the  scope  of  our  Panel  Char- 
ter, but  we  did  identify  Council  actions  that  must  be 
taken  when  guidelines  are  prepared,  to  be  consistent 
with  the  Panel's  recommendations: 

1.  Delineate  the  geographic  extent  of  the 
ecosystem(s)  that  occur(s)  within  Council  author- 
ity, including  characterization  of  the  biological, 
chemical,  and  physical  dynamics  of  those  eco- 
systems, and  "zone"  the  area  for  alternative  uses. 

2.  Develop  a  conceptual  model  of  the  food  web. 

3.  Describe  the  habitat  needs  of  different  life  his- 
tory stages  for  all  plants  and  animals  that  repre- 
sent the  "significant  food  web"  and  how  they  are 
considered  in  conservation  and  management 
measures. 

4.  Calculate  total  removals — including  incidental 
mortality — and  show  how  they  relate  to  stand- 
ing biomass,  production,  optimum  yields,  natu- 
ral mortality,  and  trophic  structure. 

5 .  Assess  how  uncertainty  is  characterized  and  what 
kind  of  buffers  against  uncertainty  are  included 
in  conservation  and  management  actions. 

6.  Develop  indices  of  ecosystem  health  as  targets 
for  management. 

7.  Describe  available  long-term  monitoring  data 
and  how  they  are  used. 

8.  Assess  the  ecological,  human,  and  institutional 
elements  of  the  ecosystem  which  most  signifi- 
cantly affect  fisheries,  and  are  outside  Council/ 


Department  of  Commerce  (DOC)  authority.  In- 
cluded should  be  a  strategy  to  address  those  in- 
fluences in  order  to  achieve  both  FMP  and  FEP 
objectives. 

The  eight  FEP  actions  are  elaborated  below: 

1.  Delineate  the  geographic  extent  of  the 
ecosystem(s)  that  occur(s)  within  Council  au- 
thority, including  characterization  of  the  bio- 
logical, chemical,  and  physical  dynamics  of 
those  ecosystems,  and  "zone"  the  area  for 
alternative  uses. 

The  ecosystems  supporting  fisheries  in  the 
United  States  vary  markedly  (Apollonio  1994),  and 
the  way  in  which  fisheries  are  managed  within  them 
will  vary  according  to  their  individual  characteris- 
tics. Managers  must  be  able  to  geographically  de- 
lineate the  systems  under  their  authority,  and  have  a 
scientific  understanding  of  the  structure,  function, 
and  processes  that  occur  within  their  respective  eco- 
systems, and  between  their  systems  and  others.  This 
delineation  should  include  both  ecological  and  hu- 
man/institutional components  and  their  interactions. 
This  includes  the  extent  of  our  knowledge  of  cli- 
mate, how  climate  affects  the  physical  and  biologi- 
cal oceanography  of  the  system,  and  how,  in  turn, 
these  affect  food  web  structure  and  dynamics. 

Councils  should  use  information  from  FEPs  to 
develop  zone-based  management  regimes.  In  a  zon- 
ing approach,  geographic  areas  within  an  ecosystem 
would  be  reserved  for  prescribed  uses.  For  example, 
use  of  gears  which  are  demonstrated  to  have  an  ad- 
verse effect  on  EFH  could  be  limited  to  prescribed 
areas.  Cuixently,  FMPs  are  required  to  describe  and 
mitigate  gear  effects  on  EFH,  but  FEPs  should  go 
further,  not  only  identifying  where  habitat  impacts 
occur,  but  also  identifying  specific  zones  where  cer- 
tain gears  should  be  restricted.  A  zone-based  ap- 
proach could  also  limit  fishing  activities  in  areas 
where  potential  negative  trophic  impacts  could  oc- 
cur. The  North  Pacific  Fisheries  Management 
Council's  establishment  of  no-trawl  zones  in  red  king 
crab  habitat  is  an  example  of  such  a  measure.  Zon- 
ing can  also  be  used  to  limit  bycatch.  by  restricting 
fishing  activities  in  areas  where  high  levels  of 
bycatch  are  likely  to  occur. 

A  zoning  approach  should  also  include  the  es- 
tablishment of  marine  protected  areas.  A  species- 
specific  approach  to  habitat  protection,  as  currently 
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practiced,  may  result  in  many  small  protected  areas 
with  occasionally  conflicting  regulations  that  are 
difficult  to  understand  and  often  difficult  to  enforce. 
Complete  protection  of  relatively  large  portions  of 
marine  ecosystems,  in  the  form  of  harvest  refugia, 
may  provide  the  best  way  to  characterize  habitat 
needs  and  also  serve  as  management  tools  (Bohnsack 


Marine  Protected  Areas 

Marine  Protected  Areas  (MPAs)  offer  promise  as 
(I  means  to  implement  the  precaiitionaiy  approach  and 
mitigate  the  effects  of  fishing  in  an  ecosystem 
( Yoklavich  1998).  However,  the  utility  of  the  approach 
depends  on  the  way  MPAs  are  defined  and  established. 
The  concept  of  MPAs  represents  a  continuum,  from 
marine  wilderness  areas  to  areas  in  which  only  a  few 
specific  activities  might  be  restricted.  We  use  the  term 
to  mean  the  entire  spectrum  of  usage,  and  suggest  that 
managers  carefully  define  their  conservation  and 
management  objectives  before  determining  the 
characteristics  of  a  given  MPA. 

MPAs  should  be  representative  of  the  larger  eco- 
system and.  as  such,  would  serve  as  experimental  sites 
for  investigating  processes  and  mechanisms  that 
would  be  operable  throughout  the  region.  MPAs  must 
be  established  with  the  understanding  that  ecosystems 
change  over  time  and  that  research  results  have  to  be 
evaluated  relative  to  this  natural  variability  as  dis- 
tinct from  variability  resulting  from  human  exploita- 
tion of  a  resource.  MPAs  represent  a  form  of  insur- 
ance against  excessive  exploitation.  Although  we  as- 
pire to  a  level  of  understanding  that  would  allow  for 
strategic  management  of  our  nation 's  fisheries,  un- 
certainty and  indeterminacy  are  fundamental  ecosys- 
tem characteristics.  Hence,  research  is  needed  on  the 
optimal  size  of  MPAs,  sources  and  sinks  for  new 
recruits,  and  the  social  and  management  issues  re- 
quired for  successful  implementation. 


bers  and  individual  sizes  of  resources  removed. 
Thus,  managers  should  have  a  conceptual  under- 
standing of  the  food  web,  and  should  use  that  infor- 
mation in  making  decisions  about  harvest.  For  each 
species  for  which  there  is  an  FMP,  there  should  be  a 
description  of  both  the  prey  species  and  the  preda- 
tors at  each  stage  in  the  life  cycle.  Where  informa- 
tion on  certain  species  is  not  available  for  all  life 
stages,  managers  should  refer  to  species  inhabiting 
similar  ecological  niches  or  their  functional  equiva- 
lents as  the  basis  for  defining  trophic  links.  Follow- 
ing this,  the  FEP  should  contain  an  analysis  of  the 
anticipated  impacts  of  the  allowed  harvest  on  preda- 
tor-prey dynamics,  even  if  data  gaps  force  such  a 
statement  to  be  largely  qualitative. 


Ecosystem  Modeling 

Modeling  is  an  essential  scientific  tool  in  develop- 
ing ecosystem  approaches  for  fishery  management. 
Simple  descriptions  of  prey  and  predator  species  and 
models  of  how  they  interrelate  are  good  starting  points, 
but  they  are  inadequate.  What  is  required  is  a  food- 
web  based  mathematical  model.  Such  a  model  could 
examine  factors  that  affect  primary  productivity  and 
how  changes  in  it  affect  the  relationships  that  exist 
among  all  components  of  the  ecosystem.  Such  a  model 
could  assist  in  assessing  the  trade-off's  among  harx'ests 
offish  species  in  different  parts  of  the  food  web,  how 
abundance  of  marine  mammals  relates  to  populations 
of  its  prey  species,  and  how  much  of  the  total  primary 
production  is  required  to  sustain  ecosystem  harvest. 
Recent  models  such  as  ECOPATH  (Polovina  1984. 
Christensen  and  Pauly  1995,  Pauly  and  Christensen 
1995)  have  been  applied  and  have  provided  insight  into 
some  fundamental  ecosystem  questions.  ECOPATH 
provides  a  framework  for  summarizing  natural  rates 
of  growth  and  consumption  of  marine  populations.  This 
allows  small-scale  studies  or  models  (such  as  fish 
bioenergetics  models  or  diet  composition  data)  to  be 
viewed  in  a  common  currency,  in  the  context  of  the  eco- 
system as  a  whole. 


and  Ault  1996,  Roberts  1997).  Each  FEP  should 
consider  and  evaluate  the  potential  benefits  of  har- 
vest refugia  and  support  research  to  evaluate  their 
use. 

2.    Develop  a  conceptual  model  of  the  food  web. 

Fisheries  managers  cannot  control  the  weather 
or  long-term  physical  changes  in  the  ecosystems  that 
produce  the  managed  resources.  They  can,  however, 
control  what  species  are  fished  and  the  total  num- 


Presently.  dynamic  mathematical  models  (e.g., 
ECOSIM  (Walters  et  al.  1997))  are  being  developed 
but  they  have  been  applied  only  experimentally  in  ac- 
tual fishery  management  situations.  Using  them  as 
active  parts  of  the  FEP  could  facilitate  model  develop- 
ment and  testing.  Most  importantly,  models  have  the 
potential  to  provide  managers  with  information  about 
how  ecosystems  are  likely  to  respond  to  changes  in  fish- 
ery management  practices  (Botsford  et  al.  1997).  Like 
FEPs,  these  models  will  be  unique  to  each  system  ami 
its  important  attributes. 
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Figure  2.  Life  history  stages  of  Atlantic  cod  versus  habitat  requirements  as  characterized  for 
Georges  Bank  in  the  Northwest  Atlantic  (Adapted  from  Lough  1989). 


3.  Describe  the  habitat  needs  of  different  life  his- 
tory stages  for  all  plants  and  animals  that  rep- 
resent the  "significant  food  web"  and  how 
they  are  considered  in  conservation  and  man- 
agement measures. 

Marine  organisms  generally  have  different  di- 
etary and  habitat  requirements  for  each  life  cycle 
stage  (e.g.,  Atlantic  cod  on  Georges  Bank;  Fig.  2). 
Traditional  management  practices  often  limit  fish- 
ing effort  in  an  attempt  to  protect  spawning  stock 
while  ignoring  management  strategies  that  would 
prevent  negative  effects  on  survivorship  at  each  life 
cycle  stage.  In  an  effort  to  address  this  issue,  FMPs 
are  now  required  to  include  a  description  of  EFH. 
This  is  probably  best  considered  in  a  multiple-spe- 
cies context,  including  overlapping  habitats  of  suites 
of  species  with  similar  life  cycles  that  occupy  simi- 
lar habitats  as  well  as  their  prey.  Thus,  each  Coun- 
cil should  include  EFH  considerations  within  the 
FEP,  using  the  ecosystem  approach  to  describe  such 
habitat  based  on  the  EFH  descriptions  from  existing 
FMPs. 


4.  Calculate  total  removals — including  inciden- 
tal mortality — and  show  how  they  relate  to 
standing  biomass,  production,  optimum 
yield,  natural  mortality  and  trophic  structure. 

Ecosystem  overfishing  occurs  when  fishing  di- 
rectly or  indirectly  results  in  a  reduction  of  ecosys- 
tem health.  Direct  impacts  on  target  species  include 
changes  in  the  total  population  status,  age  structure, 
and  sex  ratio  within  the  population.  Indirect  impacts 
can  occur  on  component  species  or  on  ecosystem 
health.  Pauly  et  al.  (1998)  describe  trophic  effects 
of  fishing  which  yield  apparently  nonlinear,  unan- 
ticipated results  with  potential  negative  effects  on 
sustainability.  Thus,  a  measure  of  total  removals  of 
a  target  species  should  include  fish  landed  and  fish 
caught  and  released  (with  some  determination  of 
mortality  rates  of  released  fish),  predation  at  each 
life  history  stage,  and  loss  through  incidental  cap- 
ture. 

Mortality  associated  with  bycatch  can  produce 
significant  biological  losses  and  ecological  shifts  in 
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community  structure  within  ecosystems  (Alverson 
et  al.  1994).  To  address  bycatch  issues.  FEPs  should: 
1 )  identify  potential  shifts  in  community  structure 
and  their  consequences,  and  indicate  how  they  should 
be  mitigated;  2)  identify  bycatch  associated  with 
particular  gear  types,  not  just  by  providing  a  list  of 
species,  but  also  by  identifying  how  bycatch  in  a 
given  species  changes  both  spatially  and  temporally; 
and  3)  identify  existing  or  potential  alternative  gear 
types  which  would  reduce  bycatch. 

5.  Assess  how  uncertainty  is  characterized  and 
what  kind  of  buffers  against  uncertainty  are 
included  in  conservation  and  management 
actions. 

The  more  complex  an  ecosystem,  the  greater  the 
unpredictability.  The  ultimate  uncertainty  and  risk 
is  associated  with  those  practices  that  affect  ecosys- 
tem equilibrium,  such  as  significant  changes  in  cli- 
mate or  hydrology  that  have  potentially  significant 
global  effects.  Therefore,  management  actions  that 
aim  for  specific  outcomes  should  be  accompanied 
by  the  anticipated  probabilities  associated  with 
achieving  those  outcomes.  Given  the  variability  as- 
sociated with  ecosystem  states  and  the  general  low 
precision,  high  variance,  and  unknown  potential  for 
bias  in  fisheries  data — and  thus  in  the  models  used 
to  predict  outcomes — managers  must  recognize  the 
high  likelihood  for  unanticipated  results.  Hence, 
decision-makers  should  account  for  this  uncertainty 
with  the  development  of  flexible,  adaptive,  and  risk- 
averse  management  strategies. 

FEPs  should  identify  those  factors  or  issues 
which  are  likely  to  bear  the  greatest  degree  of  un- 
certainty within  that  ecosystem.  Stock  assessment 
reports,  prepared  for  each  new  or  continuing  FMP, 
should  characterize  uncertainty  and  indicate  how  that 
uncertainty  is  incorporated  into  the  assessment.  The 
characterization  of  uncertainty  in  stock  assessments 
is  an  example  of  how  the  policy  of  the  precaution- 
ary approach  should  be  incorporated  into  the  FEP, 
and  one  of  the  best  example  of  insurance  against  un- 
knowable ecosystem  dynamics. 

Although  uncertainty  may  render  management 
strategies  that  are  effective  in  one  system  ineffec- 
tive in  another,  the  application  of  the  precautionary 
approach  is  a  policy  which  can  be  implemented  in 
any  ecosystem.  Because  each  ecosystem  will  have 
different  levels  of  uncertainty  and  risk  associated 
with  it,  managers  must  develop  specific  risk  crite- 


ria for  application  of  the  precautionary  approach 
within  each  system. 

6.  Develop  indices  of  ecosystem  health  as  tar- 
gets for  management. 

The  use  of  a  goal  such  as  ecosystem  health  to 
guide  fishery  management  forces  resource  scientists 
and  managers  to  define  desired  ecosystem  states, 
typically  based  on  historical  information  reflecting 
ecosystem  structure  and  yield.  Once  this  has  been 
accomplished,  management  strategies  can  be  devel- 
oped to  generate  and  maintain  these  healthy  states. 
Defining  a  healthy  ecosystem  is  problematic  in  prac- 
tice, so  we  also  recommend  that  managers  identify 
"unhealthy"  ecosystem  states  which  should  be 
avoided.  For  example,  FEP  goals  could  be  to  pre- 
vent the  extinction  of  any  ecosystem  component,  to 
maintain  a  specific,  high  mean  trophic  level  in  the 
ecosystem,  or  to  maintain  benthic  biomass  within 
the  range  of  natural  variability.  Each  Council  should 
be  charged  to  develop  its  own  FEP  goals  and  metrics 
based  on  unique  ecosystem  characteristics. 

7.  Describe  available  long-term  monitoring  data 
and  how  they  are  used. 

Although  most  physical  and  biological  databases 
represent  relatively  short  periods  of  time  and  there- 
fore do  not  characterize  long-term  variability,  the 
amount  and  quality  of  physical  data  available  rel- 
evant to  fisheries  have  improved  markedly  in  recent 
years  (Boehlert  and  Schumacher  1997).  These  data 
are  essential  for  the  development  of  models  to  pre- 
dict changes  in  oceanographic  conditions.  Biologi- 
cal baseline  data  often  are  difficult  to  evaluate,  given 
the  current  impacts  of  fisheries  on  marine  ecosys- 
tems and  the  largely  unpredictable  outcomes  of  these 
impacts.  However,  reasonable  estimates  of 
preexploitation  conditions  can  be  made  in  some  cases 
(Pauly  1995). 

Each  FEP  should  include  a  prioritized  long-term 
monitoring  plan,  designed  to  allow  the  assessment 
of  the  changing  states  of  ecosystem  health  relative 
to  established  baseline  conditions.  This  will  be  fa- 
cilitated through  the  implementation  of  the  research 
recommendations.  As  discussed  by  Christensen  et 
al.  ( 1996),  monitoring  programs  should  include  ways 
to  determine  whether  management  actions  effec- 
tively protect  ecosystem  function.  Thus,  these  pro- 
grams must  be  empirically  sound  and  supported  by 
rigorous  statistical  samphng  that  avoids  bias.  While 
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Aquaciilture  and  Stock  Enhancement: 
Are  Cautions  being  Heeded? 

With  declining  fish  stoclis,  there  is  growing  pres- 
sure to  artificially  boost  harvests,  either  through 
aquaculture  in  coastal  waters  or  through  stock  en- 
hancement. The  potential  benefits  of  aquaculture 
include:  increased  production  of  cultured  fish 
which  can  contribute  to  food  and  economic  secu- 
rity without  placing  additional  pressure  on  wild 
stocks.  In  addition,  stock  enhancement  may  help 
rebuild  or  sustain  depleted  wild  stocks. 

However  many  existing  aquaculture  programs 
have  developed  without  attention  to  their  impacts 
on  marine  ecosystems  (Nay lor  et  al.  1998).  Salmon 
culture  and  ocean  ranching  provide  good  examples. 
Hatcheries  have  led  to  manifold  problems,  includ- 
ing interbreeding  between  native  and  non-native 
stocks  (Lannan  et  al.  1989),  decreases  in  genetic 
biodiversity  (Ryman  et  al.  1995),  introduced  spe- 
cies problems,  and  threats  to  carrying  capacity, 
even  in  the  open  ocean  (Ogura  and  1  to  1994).  Early 
calls  to  genetically  "upgrade  the  wild  stocks" 
(Moav  et  al.  1978)  to  improve  production  have 
given  way  to  attention  to  the  "usually  negative" 
genetic  impacts  of  aquaculture  (Beveridge  et  al. 
1994).  Wilcove  et  al.  (1992)  captured  this  senti- 
ment, stating  "Introduced  genes  can  be  as  harmful 
as  introduced  species,  especially  when  hatchery- 
bred  fish  compete  with  wild  populations." 

Dramatic  examples  of  human  manipulation  of 
coastal  ecosystems  are  provided  in  Japan,  where 
coastal  fisheries  have  been  maintained  at  a  near 
constant  level  by  increasing  mariculture  produc- 
tion and  stock  enhancement  while  natural  produc- 
tion has  declined  (Morikawa  1994).  Aside  from 
potential  genetic  effects  as  noted  above,  high  inten- 
sity coastal  aquaculture  decreases  public  access 
to  the  coastal  ocean  for  recreation  and  other  pur- 
suits. Marine  fish  culture  can  also  lead  to  addi- 
tional pollution  and  wastes.  Excess  feed,  feces, 
and  other  organic  matter  from  fish  farms  can  ac- 
cumulate in  the  benthos  and  result  in  a  substantial 
alteration  of  the  benthic  community  (Wu  1995, 
Henderson  and  Ross  1995,  Hansen  1994).  In  ad- 
dition, some  prophylactic  chemicals  and  drugs 
used  in  fish  culture  have  unknown  impacts  on  ma- 
rine ecosystems.  Clearly,  both  stock  enhancement 
and  marine  aquaculture  must  be  approached  care- 
fully to  maximize  their  benefits  while  ensuring  the 
health  of  natural  ecosystems  and  the  continued  pro- 
duction of  wild  stocks  (Travis  et  al.  1998). 


the  probability  of  accomplishing  this  is  low — be- 
cause replication  is  often  unrealistic  and  sample  sizes 
are,  of  necessity,  quite  small — it  does  not  justify 
avoidance  of  establishing  long-term  monitoring  pro- 
grams (Walters  1986).  In  particular,  the  issue  of  cu- 
mulative impacts  cannot  be  addressed  without 
baseline  data.  Monitoring  programs  are  essential  to 
the  success  of  fisheries  management,  particularly  if 
we  are  to  discern  effects  due  to  fishery  policies  from 
those  due  to  other  factors. 

8.  Assess  the  ecological,  human,  and  institutional 
elements  of  the  ecosystem  which  most  signifi- 
cantly affect  fisheries,  and  are  outside  Council/ 
DOC  authority.  Included  should  be  a  strategy 
to  address  those  influences  in  order  to  achieve 
both  FMP  and  FEP  objectives. 

In  many  cases  the  preponderance  of  the  ecosys- 
tem relevant  to  a  particular  fishery  is  under  the  ju- 
risdiction of  the  Councils  and  DOC,  but  in  many 
cases  significant  portions  of  the  ecosystem  will  be 
outside  of  that  jurisdiction.  Examples  include 
salmon,  where  inland  water  and  habitat  issues  are 
paramount  and  under  the  jurisdiction  of  other  Fed- 
eral, State,  local  and  tribal  authorities;  highly  mi- 
gratory species,  where  significant  parts  of  the  eco- 
system are  under  the  jurisdiction  of  different  nations; 
or  ecosystems  as  extensive  as  the  Gulf  of  Mexico, 
where  general  water  quality  is  critically  affected  by 
inflow  from  ecosystems  as  broad  as  the  Mississippi 
River  drainage  area.  Some  elements  of  the  ecosys- 
tem may  be  outside  of  Council/DOC  jurisdiction; 
human  constituents  may  move  in  and  out  of  Coun- 
cil/DOC jurisdiction  and  many  institutions  other  than 
the  Councils/DOC  may  share  authority  over  parts 
of  the  ecosystem. 

Accounting  for  the  effects  of  these  external  in- 
fluences in  the  FEP  is  a  two-stage  process.  First, 
Councils  must  identify  the  most  significant  elements 
which  are  outside  Council/DOC  authority.  This  list 
should  include  the  most  significant  external  effects 
on  ecosystem  health.  Second,  Councils  should  de- 
velop a  strategic  approach  to  mitigate  each  of  the 
major  impacts.  This  approach  could  include  the  de- 
velopment of  agreements  with  other  agencies  to  ad- 
dress significant  ecosystem  impacts,  or  increased  re- 
search on  ecosystem  functions  or  processes  which 
are  affected  by  outside  influences,  and  which  may 
require  mitigation. 
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Institutional  and  Human  Ecologies — 
The  Case  of  Pacific  Coast  Salmon 

The  ecology  of  a  Pacific  Coast  salmon  fishery  in- 
cludes not  only  the  ocean  environment  but  the  rivers 
in  which  the  fish  spawn  and  the  terrestrial  habitat 
related  to  those  rivers.  The  human  ecology  of  that 
salmon  fishery  includes  not  only  the  commercial, 
tribal  and  recreational  fishermen,  hut  also  their  an- 
cillary businesses  and  industries.  There  are  also  the 
businesses  and  industries  which  have  direct  effects 
on  the  ocean  and  the  coastal  riverine  habitats  (oil 
and  gas,  logging,  hydroelectric  power  development 
and  construction,  agriculture,  and  other  water 
diverters)  and  the  citizens  who  are  concerned  about 
the  salmon  and  their  habitat  even  though  they  do  not 
directly  interact  with  the  fish. 

The  institutional  ecology  of  this  salmon  fishery 
includes  NMFS,  other  Federal  and  State  fishery  agen- 
cies. Native  American  tribes,  and  all  those  institu- 
tions which  govern  the  behavior  of  all  of  the  con- 
stituent groups  of  the  human  ecology.  In  fact.  37  Fed- 
eral agencies,  in  9  executive  level  departments,  have 
some  authority  over  activities  affecting  marine  fish- 
eries and  their  habitat  (Hinman  and  Safina  1992). 
Not  only  is  it  important  to  recognize  the  critical  role 
of  this  broader  set  of  institutions,  hut  also  the  role  of 
information,  education,  and  involvement  of  all  of  the 
individuals  and  groups  within  the  broader  set  of  hu- 
man constituents  whose  behaviors  are  governed  by 
those  institutions. 


MEASURES  TO  IMPLEMENT  FEPS 


Consider  predator-prey  interactions  affected  by 
Ashing  allowed  under  the  FMP. 

Optimum  yields  should  be  set  considering  eco- 
logical factors  and  the  integrity  of  the  ecosys- 
tem, and  total  allowable  catches  should  be  justi- 
fied with  respect  to  total  ecosystem  biomass,  pro- 
duction and  interspecies  relationships. 

Consider  bycatch  taken  during  allowed  fishing 
operations  and  the  impacts  such  removals  have 
on  the  affected  species  and  the  ecosystem  as  a 
whole,  in  terms  of  food  web  interactions  and 
community  structure. 

FMPs  should  identify  bycatch  taken  by  gear 
types  and  should  not  just  provide  a  list  of  spe- 
cies, but  describe  how  bycatch  changes  tempo- 
rally and  spatially  in  a  given  fishery.  Manage- 
ment actions  should  consider  the  implications  of 
such  removals  and  their  consequences.  FMPs 
should  identify  and  consider  existing  or  poten- 
tial alternative  gear  types  or  fishing  practices 
which  could  reduce  such  bycatch. 

Minimize  impacts  of  fisheries  operations  on 
EFH  identified  within  the  FEP. 

Gear  effects  on  habitat  can  be  considerable.  Gear 
used  to  harvest  a  particular  species  may  directly 
or  indirectly  affect  other  species — managed  or 
unmanaged — within  the  ecosystem.  FMPs 
should  not  only  identify  such  impacts  but  should 
also  identify  existing  or  potential  alternative  gear 
types  or  fishing  patterns,  such  as  area  closures, 
which  could  alleviate  these  impacts. 


The  following  are  general  recommendations  to 
ensure  effective  development  and  implementation 
of  FEPs: 

1 .  Encourage  the  Councils  to  apply  ecosystem 
Principles,  Goals,  and  Policies  to  ongoing  ac- 
tivities. 

In  preparation  for  FEP  implementation,  Coun- 
cils should  begin  to  apply  the  ecosystem  Principles, 
Goals,  and  Policies  to  the  conservation  and  manage- 
ment measures  of  existing  and  future  FMPs.  Three 
actions  are  particularly  important;  specifically,  each 
FMP's  conservation  and  management  measures 
should: 


2.  Provide  training  to  Council  members  and 
staff. 

To  facilitate  an  ecosystem  approach  and  to  aid 
the  development  and  implementation  of  FEPs, 
NMFS  should  provide  all  Council  members  with 
basic  instruction  in  ecological  principles.  Further, 
training  materials  should  be  made  available  to  the 
fishing  industry,  environmental  organizations  and 
other  interested  parties. 

3.  Prepare  guidelines  for  FEPs. 

The  Secretary  of  Commerce  should  charge 
NMFS  and  the  Councils  with  establishing  guidelines 
for  FEP  development,  including  an  amendment  pro- 
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cess.  NMFS  and  the  Councils  should  conduct  a 
deliberative  process — similar  to  the  process  of  de- 
veloping National  Standards  Guidelines — to  ensure 
that  FEPs  are  realistic  and  adaptive. 

4.  Develop  demonstration  FEPs. 

Choose  one  or  more  of  the  Councils  to  develop 
a  demonstration  FEP.  Convene  a  workshop  involv- 
ing all  Councils  and  other  relevant  participants  which 
would  help  develop  useful  demonstration  FEPs. 

Encourage  all  Councils  to  develop  framework 
FEPs,  consisting  of  such  information  as  can  be  col- 
lected with  little  additional  effort,  to  facilitate  rapid 
implementation  of  the  full  FEP  when  required  by 
the  next  MSFCMA  reauthorization. 

5.  Provide  oversight  to  ensure  development  of 
and  compliance  with  FEPs. 

To  ensure  compliance  with  the  development  of 
FEPs,  the  Secretary  of  Commerce  should  establish 
a  review  panel  for  FEP  implementation  oversight. 
Implicit  in  this  action  is  the  establishment  of  a  time- 
table for  development  of  a  draft  FEP,  its  review  by 
the  panel,  and  any  necessary  revisions  before  the 
draft  FEP  becomes  a  basis  for  policy. 

6.  Enact  legislation  requiring  FEPs. 

To  provide  NMFS  and  the  Councils  with  the 
mandated  responsibility  of  designing  and  implement- 
ing FEPs,  Congress  should  require  full  FEP  imple- 
mentation in  the  next  reauthorization  of  the 
MSFCMA. 


RESEARCH  REQUIRED 
TO  SUPPORT  MANAGEMENT 

Our  identification  of  the  Principles  and  associ- 
ated management  Policies  reflects  a  vast  amount  of 
scientific  knowledge  about  marine  ecosystems  and 
their  relationship  to  humankind.  This  knowledge  is 
the  result  of  more  than  125  years  of  scientific  in- 
vestment. Yet,  the  current  state  of  scientific  knowl- 
edge is  not  sufficient  to  fully  implement  the  Prin- 
ciples and  Policies.  To  more  fully  benefit  from  the 
application  of  the  Principles  and  Policies,  there  is 
an  urgent  need  for  a  better  understanding  of  ecosys- 
tem processes  in  general,  and  about  the  state  and 
dynamics  of  specific  ecosystems. 


The  Panel  did  not  attempt  to  develop  an  exhaus- 
tive set  of  research  recommendations.  That  is  better 
left  to  more  specialized  groups  of  scientists.  Instead, 
we  highlighted  three  research  themes  based  on  sev- 
eral criteria.  First,  we  selected  themes  that  were 
clearly  related  to  the  Principles  and  the  Policies  that 
form  the  basis  of  an  ecosystem  approach  to  fisheries 
management.  Second,  we  placed  a  priority  on  iden- 
tification of  new  research  directions,  compared  to 
current  research  programs  that  support  fisheries  man- 
agement. These  new  research  directions  are  not  rec- 
ommended as  alternatives  to  the  current  research 
programs,  rather  they  are  an  additional  requirement. 
Third,  we  highhghted  themes  for  which  NMFS  has 
a  unique  responsibility. 

The  three  recommended  research  themes  are:  1 ) 
determine  the  ecosystem  effects  of  fishing,  2)  moni- 
tor trends  and  dynamics  of  marine  ecosystems,  and 
3)  explore  ecosystem-based  approaches  to  gover- 
nance. Each  of  the  themes  is  briefly  described  and 
discussed  below. 

1 .    Determine  the  ecosystem  effects  of  fishing. 

The  effects  of  fishing  on  the  species  that  are 
landed  are  generally  understood,  although  the  data 
that  are  necessary  to  assess  specific  stocks  of  fish 
are  sometimes  minimal.  It  is  well  known  that  the 
effect  of  fishing  on  a  "target  species"  can  be  severe, 
with  abundance  reduced  by  a  factor  of  10  or  more. 
Fishing  is  a  form  of  directional  selection  on  fished 
species  that  may  alter  not  only  population  charac- 
teristics (i.e.,  age  structure),  but  also  the  genetic 
makeup  of  the  population.  Research  on  genetic 
changes  from  fishing  is  appropriate.  It  is  also  known 
that  fishing  can  have  significant  effects  on  nontar- 
get  species  and,  potentially,  on  marine  ecosystems 
as  a  whole.  These  effects  occur  as  a  result  of  bycatch 
and  discarding  of  non-target  species  (including  ma- 
rine mammals,  reptiles  and  birds),  trophic  linkages 
between  target  and  non-target  species,  and  alteration 
of  habitat  caused  by  fishing  gear.  All  three  of  these 
effects  need  to  be  studied.  The  research  should  con- 
sider how  fishing  changes  ecosystems  (i.e.,  abun- 
dance and  diversity  of  species,  food  web  dynamics, 
amount  of  various  habitat  types,  and  the  functional 
significance  of  changes).  An  important  element  of 
this  research  will  be  to  explore  the  utility  of  quanti- 
tative ecosystem  health  indices  as  a  tool  for  manag- 
ers. The  research  should  also  include  consideration 
of  strategies  for  applying  the  precautionary  approach 
in  light  of  uncertainty  about  ecosystem  effects  of 
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fishing,  and  mitigation  of  undesirable  effects.  One 
particularly  promising  approach  for  risk-averse  man- 
agement is  the  establishment  of  marine  protected 
areas  and  through  traditional  fisheries  management 
techniques  like  time/area  closures. 

2.    Monitor  trends  and  dynamics  in  marine  eco- 
systems (ECOWATCH). 

We  recommend  the  initiation  of  a  significant  new 
ecosystem  monitoring  program.  We  refer  to  the  pro- 
gram as  "ECOWATCH"  because  it  will  enable  sci- 
entists and  policy  makers  to  observe  natural  and 
human-caused  changes  in  marine  ecosystems  in  a 
comprehensive  manner.  Target  fish  species  are  rou- 
tinely monitored  using  landings  data  and  resource 
surveys  that  apply  standardized  sampling  methods. 
But  even  for  some  important  exploited  species,  land- 
ings data  and/or  resource  survey  data  are  limited. 
Data  on  other  components  of  marine  ecosystems  are 
even  more  limited,  although  there  are  some  valu- 
able time  series  of  plankton  data  for  a  few  ecosys- 
tems and  for  some  marine  mammal  populations.  For 
these  reasons,  ECOWATCH  should  be  scientifically 
designed  to  provide  data  to  improve  existing  mod- 
els (i.e.,  stock  assessments),  but  also  for  input  for 
future  ecosystem  models.  Research  on  ecosystem 
models  based  on  current  concepts  of  important  eco- 
system  linkages  is  a  useful  application  of 
ECOWATCH  monitoring  data. 

We  recommend  substantial  expansion  of  exist- 
ing programs  that  collect  data  on  trends  and  dynam- 
ics of  marine  ecosystems  and  which  characterize  the 
biological  and  physical  relationships  pertinent  to 
ecosystem-based  management.  This  expansion  is 
needed  to  fill  gaps  in  current  data  collection  pro- 
grams for  some  target  species  where  data  are  lim- 
ited, and  systematically  observe  how  other  compo- 
nents of  ecosystems  vary.  There  are  several  reasons 
to  observe  marine  ecosystems  holistically.  Such 
observations  are  needed  to  determine  and  understand 
indirect  effects  of  fishing  within  marine  ecosystems. 
In  a  sense,  these  observations  are  a  form  of  ecosys- 
tem insurance.  Because  we  cannot  currently  predict 
all  of  the  ecosystem  effects  of  fishing,  we  should  be 
watching  for  evidence  of  such  changes  so  that  it  is 
possible  to  react  if  the  changes  are  adverse  or  posi- 
tive. Ecosystem  observations  are  also  needed  to  dis- 
tinguish human  caused  changes  from  natural 
changes.  Large  spatial  and  temporal  scale  (over 
ocean  basins  and  decades)  changes  in  ecosystems, 
called  regime  shifts,  are  known  to  occur.    Routine 


monitoring  and  analysis  of  key  ecosystem  variables 
are  needed  in  order  to  detect  regime  shifts  and,  if 
possible,  to  forecast  them. 

We  envision  that  ECOWATCH  will  assess  the 
productive  capacity  of  marine  ecosystems,  includ- 
ing data  on  fish,  shellfish,  primary  production,  plank- 
ton, benthic  communities  (impacts  on  fishing  sites 
versus  control  sites),  marine  mammals,  birds,  and 
physical  and  chemical  factors.  It  will  be  necessary 
to  make  a  major  investment  in  new  technology  to 
make  ECOWATCH  feasible.  It  will  be  necessary  to 
employ  several  different  sampling  "vehicles,"  in- 
cluding research  vessels:  dockside  and  sea  sampling 
of  fisheries;  remote  sensing  from  satellites,  aircraft, 
and  buoys;  submersibles;  and  autonomous  underwa- 
ter vehicles.  It  will  be  essential  to  develop  modern 
data  management  systems  so  that  variables  can  be 
related  to  each  other  and  so  that  information  is  ac- 
cessible. Models  need  to  be  developed  to  assimilate 
data  and  produce  information  products  that  enhance 
our  ability  to  evaluate  and  make  conscious  decisions 
regarding  marine  ecosystems. 

3.    Explore  ecosystem-based  approaches  to  gov- 
ernance. 

Many  of  today's  fishery  problems  result  from 
failed  governance  systems.  One  of  the  major  short- 
comings of  past  and  most  present  governance  sys- 
tems is  that  they  do  not  create  incentives  for  humans 
to  be  prudent  predators  (i.e..  efficient  in  the  uses  of 
natural  resources  and  concerned  about  long-term 
conservation).  A  related  problem  is  that  members 
of  the  fishing  industry  and  the  concerned  public  of- 
ten feel  alienated  from  the  institutions  that  govern 
fisheries.  The  challenge  of  achieving  effective  gov- 
ernance from  an  ecosystem  perspective  is  even 
greater.  From  such  a  perspective,  incentives  for  ef- 
ficiency and  conservation  must  apply  to  indirect  ef- 
fects of  fishing  on  segments  of  society  that  are  not 
directly  concerned  with  fisheries,  and  to  other  in- 
dustry sectors  that  indirectly  affect  fisheries.  Abroad 
array  of  stakeholders  should  have  the  opportunity  to 
participate  in  the  system  of  governance. 

We  envision  a  multifaceted  research  program 
including:  1)  research  on  the  social  and  economic 
importance  of  fisheries,  and  of  other  ecosystem  uses 
that  affect  fisheries,  to  better  understand  social  ob- 
jectives, motivations  for  behavior,  and  options  for 
creating  effective  incentive  systems;  2)  case  studies 
and  comparative  studies  (with  other  industry  sec- 
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tors)  to  identify  factors  that  determine  success  or  fail- 
ure of  governance  systems;  and  3)  management  ex- 
periments to  test  approaches  for  involving  stakehold- 
ers in  governance  systems  and  for  making  decisions 
when  faced  with  multiple  objectives  (i.e.,  from  dif- 
ferent societal  perspectives  and  across  sectors). 

While  NMFS  clearly  has  lead  responsibility  for 
these  themes,  the  research  strategies  should  be  de- 


veloped and  implemented  as  National  interagency 
programs  involving  academic  as  well  as  government 
scientists.  Because  the  ecosystem  Principles  apply 
globally,  the  U.S.  should  participate  in,  and  initiate 
when  necessary,  international  programs  that  further 
fisheries  management  objectives.  A  significant  en- 
hancement in  resources  (e.g.,  funding,  staff,  fishery 
research  vessels)  will  be  required  if  these  research 
recommendations  are  to  be  fulfilled. 
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Recognition  of  major  problems  in  U.S.  fisheries 
prompted  Congress  to  legislate  the  Sustainable  Fish- 
eries Act  (SFA)  in  1996.  This  amendment  strength- 
ened the  MSFCMA  and  gave  new  direction  to  NMFS 
and  the  Councils  to  halt  overfishing,  develop  recov- 
ery plans  for  overfished  fisheries,  avoid  and  reduce 
bycatch  mortality,  identify  and  protect  EFH,  inves- 
tigate ways  to  reduce  fishing  capacity,  and  imple- 
ment numerous  other  conservation  measures.  These 
represent  the  beginnings  of  an  ecosystem  approach 
to  fishery  management.  Rapid  response  and  hard 
work  by  NMFS,  the  Councils,  fishing  industries,  en- 
vironmental groups,  and  other  interested  parties  will 
produce  change  that  eventually  will  result  in  marked 
improvements  in  the  status  and  management  of  our 
fisheries  resources.  Still,  there  is  more  to  be  done. 

The  appointment  of  the  NMFS  Ecosystem  Prin- 
ciples Advisory  Panel  is  a  key  provision  of  the  SFA. 
Congress  called  for  an  assessment  of  the  extent  to 
which  ecosystem  principles  are  being  applied  in  fish- 
ery conservation,  management,  and  research  and  for 
recommendations  on  how  to  use  them  further  to 
improve  management.  Our  review  of  the  use  of  eco- 
system principles  finds  some  positive  indications, 
but  much  room  for  further  application.  The  fisher- 
ies ecosystem  science  being  conducted  is  of  high 
quality,  but  the  types  of  research  and  assessments, 
and  the  geographic  coverage  are  extremely  limited 
and  inadequate  to  inform  fishery  management. 
Where  scientific  information  on  fisheries  ecosystems 
is  produced,  it  is  often  used  in  the  management  pro- 
cess. However,  it  is  inadequate  relative  to  the  scope 
of  the  problems  and  the  geographic  scale  of  our 
Nation's  marine  fisheries. 

At  present,  NMFS  and  the  Councils  often  are 
using  the  best  available  science  to  manage  stocks  on 
a  single  species  or  species-complex  basis.  If  fishery 
management  is  to  further  incoiporate  ecosystem  prin- 
ciples. Congress  must  provide  a  specific  mandate  to 
NMFS  and  the  Councils  to  do  so  and  must  fund  the 
scientific  infrastructure  required  to  support  the  de- 
cision-making process.  Requiring  Councils  to  pre- 


pare FEPs  provides  a  mechanism  to  focus  and  in- 
form fishery  management,  to  measure  progress  to- 
ward implementation  of  ecosystem-based  fishery 
management,  to  identify  research  needs  and  ulti- 
mately to  insure  healthy  and  productive  ecosystems. 

U.S.  fisheries  under  an  ecosystem-based  man- 
agement system  are  likely  to  be  quite  different  than 
today's  fisheries.  New  management  tools  will  be 
employed  including  share-based  systems.  Fisheries 
and  gear  types  that  have  significant  adverse  impacts 
on  other  ecosystem  components  may  be  modified 
or  phased  out  and  other  types  of  fisheries  and  gears 
may  replace  them.  In  some  cases,  fish  stocks  may 
have  to  be  exploited  at  lower  harvest  levels  than  pres- 
ently indicated  in  order  to  sustain  other  ecosystem 
components.  Some  areas  that  are  now  fished  may 
become  fisheries  reserves  where  harvests  are  re- 
stricted to  protect  a  spawning  stock  or  other  sensi- 
tive life-history  stages;  this  may  result  in  changes  to 
traditional  fishing  practices.  The  short-term  conse- 
quences of  such  changes,  which  may  be  painful,  must 
be  balanced  against  future  benefits  in  the  form  of 
sustainable  fisheries  and  fishing  communities. 

The  next  ten  years  are  critical  for  the  future  of 
U.S.  fisheries.  Already,  important  changes  are  un- 
derway as  a  result  of  the  SFA,  and  the  next  round  of 
legislation/reauthorization  of  the  MSFCMA  should 
provide  additional  impetus  for  reform.  Implemen- 
tation of  an  ecosystem-based  approach  will  take  time 
and  there  will  be  trials  and  errors.  A  great  deal  of 
education  about  this  new  approach  will  be  required, 
and  all  involved  must  be  prepared  to  learn.  The  two 
hardest  lessons  are  likely  to  be  shifting  the  burden 
of  proof  to  the  fishery  to  demonstrate  that  the  eco- 
system will  not  be  damaged  by  fishing,  and  to  de- 
velop a  truly  precautionary  approach  to  fishery  man- 
agement. The  learning  curve  will  be  steep  for  all 
involved;  society  as  a  whole,  will  be  increasingly 
challenged  to  help  define  ecosystem  health  and  the 
limits  of  acceptable  change  in  marine  ecosystems, 
while  still  allowing  sustainable  fishing  practices. 
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Allowable  Biological  Catch — Catch  that  can  be 
taken  in  a  specific  year  that  achieves  the  biological 
objectives,  or  avoids  the  biological  constraints,  of 
fishery  management.  Such  objectives  and  constraints 
are  usually  set  in  terms  of  stock  sizes  that  must  be 
maintained  and/or  fishing  mortality  rates  that  shall 
not  be  exceeded.  Estimates  of  allowable  biological 
catch  should  be  based  on  the  best  scientific  advice 
available. 

Burden  Of  Proof — The  responsibility  to  demon- 
strate that  a  fishing  activity  will  or  will  not  lead  to 
overfishing  or  negative  effects  on  the  ecosystem. 


Ecosystem-based  Fishery  Management — Fishery 
management  actions  aimed  at  conserving  the  struc- 
ture and  function  of  marine  ecosystems,  in  addition 
to  conserving  the  fishery  resource. 

Essential  Fish  Habitat — Those  waters  and  sub- 
strate necessary  for  fish  to  spawn,  breed,  feed  and 
grow  to  maturity  (NMFS  1996). 

Fish — Defined  herein  as  finfish,  mollusks,  crusta- 
ceans, and  all  other  forms  of  marine  animal  and  plant 
life  other  than  marine  mammals  and  birds  (NMFS 
1996). 


Bycatch — Unintentional  catch;  i.e.,  catch  that  oc- 
curs incidentally  in  a  fishery  that  intends  to  catch 
fish  with  other  characteristics  (e.g.,  size,  species). 

Carrying  Capacity — The  numbers  or  biomass  of 
resources  that  can  be  supported  by  an  ecosystem. 


Fishery — (A)  One  or  more  stocks  offish  which  can 
be  treated  as  a  unit  for  purposes  of  conservation  and 
management  and  which  are  identified  on  the  basis 
of  geographical,  scientific,  technical,  recreational, 
and  economics  characteristics;  and  (B)  any  fishing 
for  such  stocks  (NMFS  1996). 


Conservation  and  Management — The  rules,  regu- 
lations, conditions,  methods,  and  other  measures  (A) 
which  are  required  and  useful  to  rebuild,  restore,  or 
maintain  any  fishery  resource  and  the  marine  envi- 
ronment; and  (B)  which  are  designed  to  ensure  that: 
(i)  a  supply  of  food  and  other  products  may  be  taken, 
and  that  recreational  benefits  may  be  obtained,  on  a 
continuing  basis;  (ii)  irreversible  or  long-term  ad- 
verse effects  on  fishery  resources  and  the  marine  en- 
vironment are  avoided;  and  (iii)  there  will  be  a  mul- 
tiplicity of  options  available  with  respect  to  future 
uses  of  these  resources  (NMFS  1996). 

Discards — A  portion  of  what  is  caught  and  returned 
to  the  sea  unused.  Discards  may  be  either  alive  or 
dead.  There  are  many  types  of  discards,  such  as  eco- 
nomic discards  (when  a  portion  of  the  catch  that  it  is 
not  economically  rational  to  land  is  discarded),  regu- 
latory discards  (when  discarding  occurs  because  of 
a  prohibition  on  retaining  some  of  the  catch), 
highgrade  discards  (discarding  of  the  portion  of  the 
catch  with  a  lower  value  than  the  portion  retained  in 
order  to  comply  with  regulations  that  limit  how  much 
catch  can  be  retained).  Highgrading  is  a  form  of 
regulatory  discarding. 


Fishing — Any  activity  which  can  reasonably  be  ex- 
pected to  result  in  the  catching,  taking,  or  harvest- 
ing offish;  or  any  operations  at  sea  in  support  of,  or 
in  preparation  for,  such  activities. 

Fishing  Mortality — A  measurement  of  the  rate  of 
mortality  of  fish  in  a  population  caused  by  fishing. 

Fish  Stock — A  species,  subspecies,  geographical 
grouping,  or  other  grouping  of  fish  that  is  managed 
as  a  unit  (NMFS  1996). 

Maximum  Sustainable  Yield — A  management  goal 
specifying  the  largest  long-term  average  catch  or 
yield  (in  terms  of  weight  of  fish)  that  can  be  taken, 
continuously  (sustained)  from  a  stock  or  stock  com- 
plex under  prevailing  ecological  and  environmental 
conditions,  without  reducing  the  size  of  the  popula- 
tion. 

Optimum  Yield — (A)  The  amount  of  fish  which  will 
provide  the  greatest  overall  benefit  to  the  Nation, 
particularly  with  respect  to  food  production  and  rec- 
reational opportunities,  and  taking  into  account  the 
protection  of  marine  ecosystems;  (B)  is  prescribed 
as  such  on  the  basis  of  the  maximum  sustainable 
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yield  from  the  fishery,  as  reduced  by  any  relevant 
economic,  social,  or  ecological  factor;  and  (C)  in  the 
case  of  an  overfished  fishery,  provides  for  rebuild- 
ing to  a  level  consistent  with  producing  the  maxi- 
mum sustainable  yield  in  such  fishery  (NMFS  1996). 

Overfishing — Fishing  at  a  rate  or  level  that  jeopar- 
dizes the  capacity  of  a  stock  or  stock  complex  to 
produce  maximum  sustainable  yield  on  a  continu- 
ing basis  (NMFS  1996). 

Primary  Production — Creation  of  organic  matter 
by  plants  through  photosynthesis  (using  inorganic 
carbon,  nutrients  and  an  external  energy  source)  to 
form  the  base  of  the  food  chain. 

Recruitment — A  measure  of  the  weight  or  number 
of  fish  which  enter  a  defined  portion  of  the  stock 
such  as  fishable  stock  (those  fish  above  the  mini- 
mum legal  size)  or  spawning  stock  (those  fish  which 
are  sexually  mature). 


Significant  Food  Web — A  predator/prey  interac- 
tion that  is  important  to  either  the  predator  or  prey 
population. 

Stock  Assessment — An  evaluation  of  a  stock  in 
terms  of  abundance  and  fishing  mortality  levels  and 
trends,  and  relative  to  fishery  management  objec- 
tives and  constraints  if  they  have  been  specified. 

Surplus  Production — Total  weight  offish  that  can 
be  removed  by  fishing  without  changing  the  size  of 
the  population.  It  is  calculated  as  the  sum  of  the 
growth  in  weight  of  individuals  in  a  population,  plus 
the  addition  of  biomass  from  new  recruits,  minus 
the  biomass  of  mortality  of  animals  lost  to  natural 
mortality,  during  a  defined  period  (usually  one  year). 

Target  Species — Those  fish  explicitly  sought  by 
fishermen  to  meet  social  and  economic  needs.  Their 
catch  are  the  direct  consequence  of  targeted  fishing 
effort.  Non-target  Species  include  all  others. 


Regime  Shift — Major  changes  in  levels  of  produc- 
tivity and  reorganization  of  ecological  relationships 
over  vast  oceanic  regions  which  could  be  caused  by 
various  sources  including  climate  variability  or  over- 
fishing. 

Resilience — The  ability  of  a  population  or  ecosys- 
tem to  withstand  change  and  to  recover  from  stress 
(natural  or  anthropogenic). 


Total  Allowable  Catch — The  annual  catch  from 
a  stock  that  is  allowed  according  to  fishery  manage- 
ment regulations. 

Trophic  Web — The  network  that  represents  the 
predator/prey  interactions  of  an  ecosystem. 
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APPENDIX  A:  CHARTER- 
NATIONAL  MARINE  FISHERIES  SERVICE 
ECOSYSTEM  PRINCIPLES  ADVISORY  PANEL 


The  Charter  was  provided  to  the  Panel  as  initial 
guidance  from  NMFS.  It  was  subsequently  modi- 
fied after  Panel  review. 

INTRODUCTION 

Section  406  of  the  Magnuson-Stevens  Fisheries 
Conservation  and  Management  Act  (MSFCMA)  as 
amended  through  1996  (Appendix  B)  requires  the 
Secretary  of  Commerce  to  establish  a  Panel  to  pro- 
vide advice  to  the  Secretary  and  Congress  on  ways 
to  incorporate  ecosystem  principles  in  fisheries  con- 
servation and  management  activities.  The  need  for 
such  a  Panel  has  arisen  from  the  perceived  failure  of 
traditional  management  approaches  to  ensure  sus- 
tainable fisheries.  Yields  of  many  marine  fisheries 
worldwide  have  declined  in  recent  years;  in  the  U.S.. 
42%  offish  stocks  are  considered  overutilized.  The 
causes  of  these  declines  have  been  complex,  and 
include  overharvesting  of  target  and  non-target  spe- 
cies, habitat  alteration  and  loss,  pollution  and  natu- 
ral environmental  change.  Stocks  in  this  condition 
are  not  able  to  provide  the  same  sustained  economic 
and  social  benefits  as  those  in  healthy  fisheries. 

A  basic  premise  of  ecosystem-based  management 
is  that  the  relationship  between  living  marine  re- 
sources and  the  ecosystem  within  which  they  exist 
must  be  well  understood.  This  requires  a  more  com- 
prehensive approach  to  fisheries  research  than  is  nec- 
essary for  traditional  single-species  management  ap- 
proaches, although  single-species  stock  assessments 
have  become  increasingly  sophisticated  and  some 
now  incorporate  environmental  parameters.  Success- 
ful implementation  of  ecosystem-based  management 
will  require  consideration  of,  inter  alia,  essential 
habitat  requirements,  hydrography,  trophic  relation- 
ships and  physical  and  biological  processes.  An 
important  element  of  the  Panel's  duties  will  be  to 
determine  what  information  is  essential  to  the  task 
of  ecosystem-based  fisheries  conservation  and  man- 
agement, and  how  that  information  should  be  col- 
lected. 


Managers  must  also  understand  the  complex 
linkages  between  natural  ecosystems  and  the  eco- 
nomic, social  and  political  dynamics  of  human  sys- 
tems. Humans  are  integral  components  of  ecosys- 
tems and  their  interests,  values  and  motivations  must 
be  understood  and  factored  into  resource  manage- 
ment decisions.  Information  on  human  systems  is 
as  important  as  that  from  natural  systems  and  must 
be  included  in  any  ecosystem  research  and  manage- 
ment efforts. 

Efficient  use  of  existing  information  and  infor- 
mation flow  to  management  are  important  topics  for 
Panel  consideration.  In  developing  an  ecosystem 
approach  to  research  and  management,  it  is  impor- 
tant to  recognize  that  a  great  deal  is  already  known 
about  marine  ecosystems,  but  that  this  information 
is  not  consistently  applied  in  current  management 
efforts.  This  is,  in  large  part,  because  there  is  no 
agreed  upon  method  or  process  for  applying  it. 
Therefore,  emphasis  must  be  placed  not  only  on  what 
new  information  is  required,  but  also  on  how  to  ap- 
ply existing  information  effectively.  In  addition,  it 
must  be  recognized  that  both  science  and  manage- 
ment are  ongoing  processes,  and  that  mechanisms 
are  required  to  incorporate  new  scientific,  social, 
cultural,  economic  and  institutional  information  into 
the  management  process  as  it  becomes  available. 
This  may  require  managers  to  be  trained  in  ecosys- 
tem approaches,  so  that  valuable  new  information 
will  be  recognized  and  utilized  where  appropriate. 

The  complicated  legislative  and  institutional 
framework  that  cun^ently  regulates  resource  manage- 
ment decision  making  poses  a  significant  challenge 
to  the  implementation  of  ecosystem-based  fisheries 
conservation  and  management.  Although  the 
MSFCMA  is  the  principal  legislation  governing  U.S. 
marine  fisheries,  other  Federal  legislation  including 
the  Marine  Mammal  Protection  Act  and  the  Endan- 
gered Species  Act,  as  well  as  State  laws  and  interna- 
tional agreements,  provide  for  the  conservation  and 
management  of  marine  resources.  This  geographic. 
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legislative  and  institutional  fragmentation  of  conser- 
vation and  management  responsibilities  is  not  con- 
sistent with  ecosystem  principles,  which  ignore  hu- 
man boundaries  and  jurisdictions.  It  also  indicates 
the  need  for  an  "institutional  ecology"  and  a  "legis- 
lative ecology"  which  parallel  more  closely  the  natu- 
ral ecosystem.  Coordination  of  these  legislative  and 
institutional  responsibilities  across  jurisdictional 
lines,  as  well  as  the  appropriate  involvement  of  all 
stakeholders  in  the  decision  making  process,  will  be 
a  significant  task  in  implementing  ecosystem-based 
management. 

The  U.S.  lacks  a  single  and  unifying  legislative 
mandate  or  policy  governing  the  use  of  resources 
from  marine  ecosystems.  Consequently,  decisions 
on  resource  management  within  marine  ecosystems 
often  are  in  conflict  with  one  another.  For  example, 
it  is  axiomatic  that  fishery  yields  cannot  be  maxi- 
mized for  all  species  simultaneously.  Likewise,  the 
goal  of  protecting  all  marine  mammals  within  an 
ecosystem  may  not  be  consistent  with  the  goal  of 
sustaining  maximum  fisheries  yields,  and  vice  versa. 
From  the  outset,  resource  managers  must  determine 
what  values  are  placed  on  a  marine  ecosystem  and 
its  components,  and  which  goods  and  services  are 
expected  to  be  produced  from  each  ecosystem.  The 
recommendations  of  this  Panel  regarding  the  devel- 
opment of  such  policies  will  be  an  important  step 
towards  improved  fisheries  conservation  and  man- 
agement. 

Numerous  panels,  committees  and  task  forces 
have  been  constituted  in  the  past  to  consider  how 
ecosystem  approaches  should  be  applied  to  natural 
resource  management  issues.  Many  solid  recom- 
mendations have  emerged  from  these  efforts,  how- 
ever few  appear  to  be  implemented  in  fisheries  man- 
agement, as  evidenced  by  Congress'  mandate  for  this 
Panel.  While  the  reasons  for  this  failure  are  prob- 
ably multiple,  an  underlying  cause  may  be  that  many 
of  the  recommendations  have  been  more  theoretical 
than  practical,  and  have  provided  the  practicing 
manager  with  little  in  the  way  of  implementable 
management  tools.  Unlike  these  previous  efforts,  it 
is  fully  intended  that  the  NMFS  Ecosystem  Principles 
Advisory  Panel  will  develop  specific,  practical  and 
implementable  recommendations  for  the  research, 
conservation  and  management  of  living  marine  re- 
sources, along  with  longer  term  goals  and  directions. 


PURPOSE 

The  Panel's  purpose  is  to  advise  NMFS  and  Con- 
gress on  the  application  of  ecosystem  principles  in 
fisheries  conservation  and  management  and  research 
activities. 


TERMS  OF  REFERENCE 

The  Panel  will: 

1.  Conduct  an  analysis  of  the  extent  to  which 
ecosystem  principles  are  being  applied  in 
fishery^  conservation  and  management^  ac- 
tivities, including  research  activities.  The 
analysis  should  include  the  following: 

Conservation  and  management  issues 

A  review  of  the  extent  to  which  ecosystem  prin- 
ciples are  being  applied  in:  1)  the  development  of 
fishery  management  plans  by  the  Councils;  2)  the 
development  of  advice  by  NMFS  to  the  Councils; 
and  3)  other  regulatory  and  rule-making  activities 
of  NMFS. 

An  identification  and  analysis  of  cases  in  which 
ecosystem  principles  have  been  successfully  applied 
in  fisheries  conservation  and  management  activities. 

Research  issues 

A  review  of  the  status  of  ecosystem  science 
within  NOAA  and  other  entities  involved  with  re- 
search in  the  marine  environment  (e.g.,  academic  in- 
stitutions, other  Federal  and  State  agencies). 


'The  term  "fishery"  means — (A)  one  or  more  stocks  offish  which 
can  be  treated  as  a  unit  for  purposes  of  conservation  and 
management  and  which  are  identified  on  the  basis  of 
geographical,  scientific,  technical,  recreational  and  economics 
characteristics;  and  (B)  any  fishing  for  such  stocks. 

-The  term  "conservation  and  management"  refers  to  all  the  rules, 
regulations,  conditions,  methods,  and  other  measures  (A)  which 
are  required  and  useful  to  rebuild,  restore,  or  maintain,  any  fishery 
resource  and  the  marine  environment;  and  (B)  which  are  designed 
to  ensure  that: 
(i)    a  supply  of  food  and  other  products  may  be  taken,  and  that 

recreational  benefits  may  be  obtained,  on  a  continuing  basis; 
(ii)  irreversible  or  long-term  adverse  effects  on  fishery  resources 

and  the  marine  environment  are  avoided;  and 
(iii)  there  will  be  a  multiplicity  of  options  available  with  respect 

to  future  uses  of  these  resources. 
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An  analysis  of  whether  current  research  efforts 
within  these  agencies  and  institutions  are  adequate 
to  support  fisheries  ecosystem  conservation  and  man- 
agement. 

2.  Propose  a  specific,  prioritized  course  of  ac- 
tions that  the  Secretary  of  Commerce,  Con- 
gress and  NMFS  should  undertal<e  to  expand 
the  application  of  ecosystem  principles  in 
fishery  conservation  and  management.  For 
example,  the  following  issues  might  be  con- 
sidered: 

Conservation  and  management  issues 

What  specific,  practical  actions  can  be  taken  to 
apply  ecosystem  principles  in  fisheries  conservation 
and  management  activities  in  the  near  term,  before 
more  complete  information  is  available  on  ecosys- 
tem structure  and  function? 

What  barriers  (scientific,  social,  institutional, 
economic,  administrative,  legislative)  exist  to  the  ap- 
plication of  ecosystem  principles  in  U.S.  fisheries 
conservation  and  management  activities?  What  so- 
lutions can  be  proposed? 

Should  changes  be  made  to  the  Council  struc- 
ture or  mission  to  better  apply  ecosystem  principles 
in  conservation  and  management  activities?  If  so, 
what  should  the  changes  be? 

Does  the  U.S.  need  additional  legislation,  or 
changes  to  current  legislation,  to  improve  the  scien- 
tific and  regulatory  infrastructure  to  support  ecosys- 
tem-based conservation  and  management? 

Research  issues 

Which  research  topics  should  be  priorities  for 
the  development  of  a  long-term  information  base  to 
support  marine  ecosystem  management? 

How  can  agencies  and  institutions  involved  in 
marine  and  fisheries  science  collaborate  more  effec- 
tively to  take  advantage  of  complementary  research 
efforts,  and  synergize  results  from  a  broader  eco- 
system perspective? 

What  are  the  most  meaningful  time  and  space 
scales  for  marine  ecosystem  research  which  will 
directly  support  conservation  and  management  ef- 
forts? 


Is  sufficient  information  available  to  determine 
the  value  of  harvest  refugia  in  fisheries  ecosystem 
management?  If  not,  what  additional  information  is 
required? 

3.  Produce  a  report  to  Congress  by  October  1 998 
which  includes  the  above  information,  plus  any 
other  information  as  may  be  appropriate. 

The  principal  focus  of  the  analyses  in  Section  1 
above  should  be  on  conservation  and  management 
and  research  activities  conducted  within  the  U.S., 
including  those  marine  ecosystems  and  their  re- 
sources which  are  shared  by  the  U.S.  and  other  coun- 
tries (e.g.,  transboundary  stocks).  However,  the 
Panel  should  consider  pertinent  examples  from  other 
areas  of  the  world  where  ecosystem  approaches  have 
been  used.  The  Panel  should  focus  on  research,  con- 
servation and  management  activities  which  pertain 
to  ecosystems  or  species  under  the  jurisdiction  of 
the  MSFCMA. 

Panel  Membership 

According  to  MSFCMA  Section  406.  the  Advi- 
sory Panel  shall  consist  of  not  more  than  20  indi- 
viduals and  include: 

Individuals  with  expertise  in  the  structures,  func- 
fions  and  physical  and  biological  characteristics 
of  ecosystems;  and 

Representatives  from  the  Regional  Fishery  Man- 
agement Councils,  States,  fishing  industry,  con- 
servation organizations  or  others  with  expertise 
in  the  management  of  marine  resources. 

Nominations  for  panelists  were  solicited  from 
the  National  Academy  of  Sciences,  Councils,  States, 
fishing  industry  and  conservation  organizations,  as 
well  as  other  appropriate  regional  and  national  stake- 
holders. The  Panel  membership  is  balanced  geo- 
graphically, so  that  regional  issues  can  be  addressed. 

Travel  Costs 

Travel  expenses  for  the  panelists  to  attend  panel 
meetings  will  be  paid  by  the  government  at  prevail- 
ing government  rates. 

Format  and  Panel  Duration 

The  Panel  will  convene  three  two-day  meetings 
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in  September  1 997,  November-December  1 997,  and  All  meetings  will  be  open  to  the  public,  and  each 
February-March  1998.  Additional  meetings  or  con-  meeting  will  include  a  specific  opportunity  forpub- 
ference  calls  may  be  held  as  required.  The  Panel  lie  input.  Members  of  the  public  wishing  to  make 
may  be  requested  to  continue  to  advise  NMFS  on  presentations  or  statements  at  the  meetings  must  no- 
ecosystem  issues  after  October  1998  if  such  advice  tify  the  NMFS  Office  of  Science  and  Technology  at 
is  required.  least  two  weeks  in  advance  of  the  meeting  date, 

which  will  be  published  in  the  Register. 
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406  FISHERIES  SYSTEMS  RESEARCH 


(a)  ESTABLISHMENT  OF  PANEL.— Not  later 
than  180  days  after  the  enactment  of  the  Sustainable 
Fisheries  Act,  the  Secretary  shall  establish  an  advi- 
sory panel  under  this  Act  to  develop  recommenda- 
tions to  expand  the  application  of  ecosystem  prin- 
ciples in  fishery  conservation  and  management  ac- 
tivities. 

(b)  PANEL  MEMBERSHIP.— The  advisory  panel 
shall  consist  of  not  more  than  20  individuals  and  in- 
clude— 

( 1 )  individuals  with  expertise  in  the  structures, 
functions,  and  physical  and  biological  charac- 
teristics of  ecosystems;  and 

(2)  representatives  from  the  Councils.  States, 
fishing  industry,  conservation  organizations,  or 
others  with  expertise  in  the  management  of  ma- 
rine resources. 

(c)  RECOMMENDATIONS.— Prior  to  selecting 
advisory  panel  members,  the  Secretary  shall,  with 
respect  to  panel  members  described  in  subsection 
(b)(1),  solicit  recommendations  from  the  National 
Academy  of  Sciences. 


(d)  ECOSYSTEM  REPORT.— Within  two  years 
of  the  date  of  enactment  of  this  Act,  the  Secretary 
shall  submit  to  the  Congress  a  completed  report  of 
the  panel  established  under  this  section,  which  shall 
include — 

( 1)  an  analysis  of  the  extent  to  which  ecosystem 
principles  are  being  applied  in  fishery  conserva- 
tion and  management  activities,  including  re- 
search activities; 

(2)  proposed  actions  by  the  Secretary  and  by  the 
Congress  that  should  be  undertaken  to  expand 
the  application  of  ecosystem  principles  in  fish- 
ery conservation  and  management;  and 

(3)  such  other  information  as  may  be  appropri- 
ate. 

(e)  PROCEDURAL  MATTER.— The  procedural 
matters  under  section  302(j)  with  respect  to  advi- 
sory panels  shall  apply  to  the  Fisheries  Ecosystem 
Management  advisory  panel. 
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APPENDIX  C:  MEETING  PARTICIPANTS 


First  Meeting— September  9-10,  1997 
Washington,  D.C. 


Second  Meeting — December  15-16, 1997 
Seattle,  Washington 


Presenters: 

Dave  Allison 
Allison  Associates 

Larry  Buckley 

NMFS,  Northeast  Fisheries  Science  Center 

David  Evans 

NMFS,  Deputy  Assistant  Administrator 

Karen  Garrison 

Natural  Resources  Defense  Council 

Craig  Harrison 
Pacific  Seabird  Group 

Don  Leedy 

NMFS.  Office  of  Sustainable  Fisheries 

Pat  Livingston 

NMFS,  Alaska  Fisheries  Science  Center 

Jeff  Polovina 

NMFS,  Southwest  Fisheries  Science  Center 

Mike  Schiewe 

NMFS,  Northwest  Fisheries  Science  Center 

Jim  Thomas 

NMFS,  Office  of  Habitat  Protection 

Nancy  Thompson 

NMFS,  Southeast  Fisheries  Science  Center 

Guests: 

Roger  Griffis 

NOAA,  Office  of  Policy  and  Strategic  Planning 

Kate  Wing 

Staff,  Senate  Commerce  Committee 

Tom  Eagle 

NMFS,  Office  of  Protected  Resources 


Presenters: 

John  Gauvin 

Executive  Director,  Groundfish  Forum 

Chuck  Fowler 

NMFS,  National  Marine  Mammal  Lab 

Lowell  Fritz 

NMFS,  Alaska  Fisheries  Science  Center 

Peter  Fricke 

NMFS,  Office  of  Sustainable  Fisheries 

Rod  Fujita 

Environmental  Defense  Fund 

Tom  Okey 

Center  for  Marine  Conservation 

Ken  Stump 

Dave  Witherell 

North  Pacific  Fishery  Management  Council 

Guests: 

Kerim  Aydin 

University  of  Washington 

Jim  Balsiger 

Director,  NMFS  Alaska  Fisheries  Science 

Center 

Ed  Casillas 

NMFS,  Northwest  Fisheries  Science  Center 

Tracy  Collier 

NMFS  Alaska  Fisheries  Science  Center 

John  Fell 

University  of  Washington 

Bill  Hines 

NMFS,  Alaska  Region 

Loh-Lee  Low 

NMFS,  Alaska  Fisheries  Science  Center 

Clarence  Pautzke 

Executive  Director,  North  Pacific  Fisheries 

Management  Council 
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Mike  Schiewe 

NMFS,  Northwest  Fisheries  Science  Center 

John  Stein 

NMFS,  Northwest  Fisheries  Science  Center 

Usha  Varanasi 

Director,  NMFS  Northwest  Fisheries  Science 

Center 

Kate  Wing 

Senate  Commerce  Committee 


Third  Meeting— February  26-27,  1998 
Key  Largo,  Florida 

Presenters: 

Kimberly  Davis 

Center  for  Marine  Conservation 

Graeme  Parks 

Marine  Resources  Assessment  Group  Americas 

Alexander  Stone 
Reefkeeper  International 


Guests: 


Tom  Eagle 

NMFS,  Office  of  Protected  Resources 

Chuck  Fowler 

NMFS,  National  Marine  Mammal  Lab 

William  Fox,  Jr. 

Director,  NMFS  Office  of  Science  and 

Technology 

Eduardo  Martinez 

NMFS,  Southeast  Fisheries  Science  Center 
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